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Electronic device protection circuit 







(57) The present invention is to provide an electron- 
ic device protection circuit which can reliably inhibit a 
wide range of overvoltage from being applied to a sec- 
ondary battery, a semiconductor device or any other 
electronic device, and can protect the protection circuit 
itself from being-degraded or damaged. Further, the 
electronic device protection circuit of which circuit con- 
figuration is extremely simple is provided. The electronic 



device protection circuit which inhibits a voltage exceed- 
ing the rated voltage of the electronic device from being 
applied thereto, comprises a positive temperature char- 
acteristic device and a diode which are connected in se- 
ries and arranged in close proximity to each other ther : 
eon. As a result, the electronic device protection circuit 
can protect the electronic devices such as a secondary 
battery protection iC from being damaged ordegraded. 
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Description 

[0001] The present invention relates to an electronic 
device protection circuit for inhibiting an overvoltage ex- 
ceeding the rated voltage of an electronic device such 
as a lithium-ion secondary battery and a semiconductor 
device from being applied thereto so as to protect the 
electronic device from performance degradation, dam- 
age and so on. 

[0002] Further, the present invention relates to an 
electronic device protection circuit for protecting an 
electronic device such as a semiconductor integrated 
circuit included in, for example, a lithium-ion secondary 
battery or a cellular phone apparatus from damage re- 
sulting from overvoltage or overcurrent. 
[0003] When an overvoltage greater than the rated 
voltage of an electronic device is applied thereto, it may 
result in performance degradation in or damage to the 
electronic device. In order to protect the electronic de- 
vice from the application of such overvoltage, various 
protection circuits have been proposed. 
[0004] Conventionally, as an electronic device protec- 
tion circuit of this kind, a protection circuit in which, for 
example, the power source terminals of a semiconduc- 
tor integrated circuit or input/output terminals (cathode 
and anode) of a secondary battery are connected in par- 
allel to a zener diode, and a fixed resistor device is pro- 
vided between the semiconductor integrated circuit or 
the secondary battery, and external connection termi- 
nals where a voltage is externally supplied is typically 
used. 

[0005] In recent years, as mobile electronic appara- 
tuses and cellular phones have been developed, lithi- 
um-ion secondary batteries have been used as thin sec- 
ondary batteries which are compact and capable of 
long-duration discharge. In general, the lithium-ion sec- 
ondary battery is charged with a voltage slightly greater 
than its rated discharge voltage. When an excessive 
charge voltage greater than the rated voltage is applied 
to the lithium-ion secondary battery, for example, be- 
cause an abnormal condition in a charger is encoun- 
tered or a user accidentally connects the battery to an 
out-of-specification charger, a battery/cell in the battery 
may generate heat, which may lead degradation or 
damage therein due to a rise in gas pressure. In order 
to protect the lithium-ion secondary battery from such 
degradation and damage, a protection circuit for pre- 
venting an overvoltage from being applied to the lithium- 
ion secondary battery is required. 
[0006] In accordance with such conventional elec- 
tronic device protection circuit, when an overvoltage ex- 
ceeding the breakdown voltage of the zener diode is ap- 
plied to the external connection terminals of the semi- 
conductor integrated circuit or the secondary battery, 
the zener diode enters in a state that a current flows 
therethrough, so that an larger amount of the overcur- 
rent resulting from the overvoltage can flow through the 
zener diode than through the semiconductor integrated 



circuit or the secondary battery, and due to the br 
down voltage characteristics of the zener diode, a volt- 
age between terminals of the semiconductor integrated 
circuit or the secondary battery can be set not to exceed 
5 the rated voltage. At this time, as the passage of a large 
current through a fixed resistor results in a voltage drop, 
the voltage applied to the semiconductor integrated cir- 
cuit or the secondary battery can be reduced to the 
amount determined by the subtraction of the voltage 
10 drop by the fixed resistor from the voltage applied to the 
external connection terminals. 

[0007] As a technology of the protection circuit for the 
lithium-ion secondary battery, there is a protection cir- 
cuit proposed in, for example, Japanese patent laid- 
15 open publication Hei 2-87935 (Japanese Patent No. 
2720988). In this technology, a zener diode is connected 
in parallel to a battery/cell in the secondary battery and 
a thermal fuse is connected in series to the battery/cell, 
so that when an overvoltage is applied to the secondary 
20 battery, a current flows through the zener diode, which 
thereby generates heat. As the heat and heat generated 
in the thermal fuse result in a fusion of the thermal fuse, 
the overvoltage is prevented from being applied to the 
battcry/cell. 

25 [0008] Further in Japanese utility model publication 
Hei 6-31 345, a technology that in a case where a voltage 
between a positive terminal and a negative terminal of 
a secondary battery is detected by a voltage detection 
circuit, when the voltage detection circuit detects that 
30 the voltage rises to become an overvoltage greater than 
the rated voltage, a heat generation switching device 
turns on to generate heat, which is applied to a thermal 
sensitive interrupting device to be brought into an inter- 
rupting state, so that the overvoltage is prevented from 
35 being applied to the secondary battery has been pro- 
posed. 

[0009] Further other various technologies such that 
a charge voltage is applied to a secondary battery 
through a protection circuit with a complicated circuit 
40 configuration using a thermistor or a digital circuit de- 
vice: and that a bimetal is used instead of a fuse have 
been proposed. 

[0010] However, the foregoing technologies which 
have conventionally proposed have some problems 
45 such that when a further overvoltage is applied, the pro- 
tection circuit itself may be damaged so as to become 
inoperable, or may generate heat which thereby causes 
degradation or damage in the battery/cell. 
[001 1 ] Further, there is a problem that in the foregoing 
so conventional electronic device protection circuit. When 
an overvoltage is continuously applied to the external 
connection terminals, or when an overvoltage which 
may result in an increase in current to greater than the 
maximum allowable current of the zener diode is ap- 
55 plied, the zener diode abnormally generates heat, which 
may damage circuit devices or semiconductor integrat- 
ed circuits on its periphery, or the zener diode itself due 
to overheating. 
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[001 2] In the technology proposed in Japanese patent 
laid-open publication Hei 2-87935, for example, when a 
user accidentally connects the secondary battery to the 
out-of-specification charger, and an excessive charge 
voltage which is much greater than the rated voltage is 
applied to the secondary battery, the thermal fuse gen- 
erates heat, resulting in the fusion of the thermal fuse, 
so that the overvoltage can be prevented from being ap- 
plied to the secondary battery. However, when an over- 
current much higher than the rated current due to the 
overvoltage continuously flows through the zener diode, 
the zener diode itself will be overheated, which may re- 
sult in the degradation in or damage to the battery/cell. 
[0013] Moreover, before the fusion of the thermal 
fuse, when the zener diode is damaged and fixedly by- 
passes a current, so that the battery/cell may be useless 
as a secondary battery because the battery/cell may not 
be charged permanently, or the positive and negative 
terminals or the battery/cell may be always short- 
circuited. Alternatively, when the zener diode is dam- 
aged so as to become an electrical resistor, the current 
continuously flows through the damaged zener diode. 
As a result, the zener diode itself is overheated, which 
thereby may result in degradation in or damage to the 
battery/cell. 

[001 4] In the technology proposed in Japanese utility 
model publication No. Hei 6-31345, for example, in a 
case where the excessive charge voltage which is much 
greater than the rated voltage is accidentally applied to 
the secondary battery, at the moment when the exces- 
sive charge voltage is applied, a returnable type thermal 
sensitive device has not been brought into an interrupt- 
ing state yet, so an overcurrent flows through at the mo- 
ment, resulting in damage to a heat generation switch- 
ing device. Thereby, even if the excessive charge volt- 
age is applied, the excessive charge voltage cannot be 
detected and the thermal sensitive device does not func- 
tion. Accordingly, as the excessive charge voltage is 
continuously applied to the secondary battery, the sec- 
ondary battery generates heat, which thereby may re- 
sult in degradation in or damage to the secondary bat- 
tery. Alternatively, when the heat generation switching 
device is damaged and brought into an constant on state 
due to the application of excessive charge voltage, the 
current continuously flows through, therefore, the heat 
generation switching device is overheated, which there- 
by may result in degradation in or damage to the battery/ 
cell. 

[001 5] In order to prevent the foregoing protection cir- 
cuits which have been conventionally proposed from be- 
ing damaged, it is deemed effective to set the rated cur- 
rent (allowable current capacity) of the heat generation 
sv/itching device or the zener diode larger. However, 
when the rated current becomes larger, it is difficult to 
detect the application of a charge voltage greater than 
the rated voltage or to reliably carry out an interruption 
or fusion in response to the voltage. 
[0016] Alternatively, in the case of a configuration that 



only the thermal fuse is connected in series to the sec- 
ondary battery without using any protection circuit, there 
is a problem that as an overcurrent due to an overvolt- 
age continuously flows through the secondary battery 
5 before the fusion of the thermal fuse, the secondary bat- 
tery may be degraded or generate heat in the meantime. 
Likewise, in a case where the bimetal is used instead of 
the fuse, there is a problem that as an overcurrent con- 
tinuously flows through the secondary battery until the 
10 bimetal interrupts the current, the secondary battery 
may be degraded or generate heat. 
[0017] Further, in order to prevent overheating or 
damage resulting from the overcurrent flow through the 
zener diode, the electrical resistance of a fixed resistor 
*5 device can be set to be larger so as to inhibit the over- 
current flow in spite of the application of the overvoltage. 
However, due to a voltage drop by the larger electrical 
resistance, even if a normal voltage less than the rated 
voltage is applied to the external connection terminals, 
20 a low voltage less than a practical allowable range is 
applied to the semiconductor integrated circuit. Thus, 
even if the normal voltage is applied, the semiconductor 
integrated circuit does not operate properly. 
[0018] Therefore, there is a problem that the voltage 
25 range that the protection circuit effectively functions is 
limited to a predetermined small range, so that the pro- 
tection circuit cannot work effectively in a wider range 
other than the small predetermined range. 
[0019] For example, in the case of a conventional 
30 electronic device protection circuit designed to protect 
a semiconductor integrated circuit with the rated voltage 
of 5 V from the application of a voltage up to 20 V t if an 
overvoltage greater than 32 V is applied tothesemicon- 
ductor integrated circuit, the zener diode is overheated, 
35 which thereby may result in damage to the zener diode 
itself or circuits on its periphery. On the other hand, in a 
case where a fixed resistor device with larger resistance 
is replaced in order not to overheat the zener diode in 
spite of the application of an overvoltage exceeding 20 
40 v such as 32 V, even though the rated voltage of 5 V is 
externally applied, due to a voltage drop in the fixed re- 
sistor device by the consumed current of the semicon- 
ductor integrated circuit, a low voltage substantially less 
than the rated voltage is applied to the semiconductor 
45 integrated circuit, which thereby does not operate prop- 
erly. 

[0020] Further, in the case of a protection circuit using 
a thermistor or a digital circuit device, its circuit config- 
uration tends to be complicated, so it is difficult to down- 
so size the protection circuit or reduce its cost. 

[0021] Moreover, it is considered to use a constant- 
voltage circuit as an electronic device protection circuit, 
but as in the above case, there is a problem that since 
the voltage range that the constant-voltage circuit can 
55 effectively function as a protection circuit is limited to a 
predetermined small range, and the electrical parts 
used in the circuit are semiconductor integrated circuits, 
or devices which are comparatively weak against the 
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application of overvoltage, another protection circuit is 
required for protecting the electronic device protection 
circuit, so that the circuit configuration becomes com- 
plex. 

[0022] Still further, there is the same problem as de- 
scribed above in a protection circuit used for preventing 
an overvoltage from being applied not only to the sec- 
ondary battery on charge, but also to ; for example, a 
semiconductor device or a liquid crystal display device. 
[0023] The present invention has been achieved in 
view of above problems, and it is an object of the present 
invention to provide an electronic device protection cir- 
cuit which can reliably inhibit an overvoltage from being 
applied to a secondary battery, a semiconductor device 
or any other electronic device, and can prevent the pro- 
tection circuit itself from being degraded or damaged. 
[0024] An electronic device protection circuit accord- 
ing to the present invention for inhibiting a voltage ex- 
ceeding the rated voltage of an electronic device from 
being applied positive and negative voltage input termi- 
nals of the electronic device comprises a device having 
characteristics of making an increase in current when a 
voltage set to greater than the rated voltage is applied 
thereto, such as a zener diode, a device having charac- 
teristics of inhibiting a current by an increase in its elec- 
trical resistance in response to at least either of an in- 
crease in current or a rise in temperature, such as a po- 
sistor, and a configuration in which the devices connect- 
ed in series are connected in parallel to a battery on the 
protection circuit. 

[0025] An electronic device protection circuit accord- 
ing to a first invention comprises a posistor having char- 
acteristics of making an increase in its electrical resist- 
ance in response to an increase in current, of which an 
end is connected to either of the voltage input terminals 
of the electronic device, a thermal fuse having charac- 
teristics that the flow of a current therethrough by apply- 
ing the voltage exceeding the rated voltage causes a 
rise in temperature, resulting in the fusion thereof, of 
which an end is connected to the other voltage input ter- 
minal of the electronic device, a zener diode having 
characteristics that applying a voltage exceeding its 
breakdown voltage which is set to greater than the rated 
voltage results in an increase in current, which is con- 
nected to the other end of the posistor and the other end 
of the thermal fuse, and a configuration in which as the 
thermal fuse and Ihe zener diode are provided to be able 
to conduct heat each other, applying an overvoltage 
greater than the rated voltage to the voltage input ter- 
minals of the electronic device makes a current resulting 
in the overvoltage flow through, so that the zener diode 
generates heat, which thereby accelerates the fusion of 
the thermal fuse, and the current resulting from the ov- 
ervoltage is bypassed to the zener diode and the posis- 
tor to reduce the current flow through the electronic de- 
vice, and further, when the electrical resistance of the 
posistor increases, the increased electrical resistance 
reduces the current flow through the zener diode and 



the posistor to less than their rated currents 
[0026] The electronic device protection circuit accord- 
ing to a second invention comprises a zener diode hav- 
ing characteristics that applying a voltage greater than 
5 its breakdown voltage which is set to greater than the 
rated voltage results in an increase in current, which is 
connected in parallel to the electronic device and a po- 
sistor having characteristics of inhibiting a current by an 
increase in its electrical resistance in response to at 
10 least either of an increase in current or a rise in temper- 
ature, which is connected in series to the zener diode. 
[0027] The electronic device protection circuit is con- 
figured to be capable of protecting the electronic device 
from being damaged or degraded resulting from the ap- 
15 plication of an overvoltage, and even if the overvoltage 
is continuously applied to the external connection termi- 
nals, or an overvoltage which may result in an increase 
in current to greater than the maximum allowable cur- 
rent of the zener diode is applied, to be capable of cop- 
20 ing with a wide range of the overvoltage without over- 
heating or damaging the zener diode. 
[0028] Further, another electronic device protection 
circuit according to the first invention comprises a zener 
diode having characteristics that applying a voltage ex- 
25 ceeding its breakdown voltage which is set to greater 
than the rated voltage results in an increase in a current, 
of which an end is connected to either of the voltage 
input terminals of an electronic device, a thermal fuse 
having characteristics that the flow of a current there- 
to through by applying the voltage exceeding the rated 
voltage causes a rise in temperature, resulting in the fu- 
sion thereof, of which an end is connected to the other 
voltage input terminal of the electronic device, a posistor 
having characteristics of making an increase in its elec- 
ts trical resistance in response to an increase in current, 
in which the Curie point, which is a temperature that the 
electrical resistance of the posistor nonlinearly and 
steeply increases, is set to higher than the fusion tem- 
perature of the thermal fuse, and which is connected to 
40 the other end of the zener diode and the other end of 
the thermal fuse, and a configuration in which as the 
thermal fuse, the posistor and the zener diode are pro- 
vided to be able to conduct heat one another, applying 
an overvoltage greater than the rated voltage to the volt- 
45 age input terminals of the electronic device makes a cur- 
rent resulting in the overvoltage flow through , so that the 
zener diode and the posistor generate heat, which 
thereby accelerates the fusion of the thermal fuse, and 
the current resulting from the overvoltage is bypassed 
so through the zener diode and the posistor to reduce the 
current flow through the electronic device, and further, 
when the electrical resistance of the posistor increases, 
the increased electrical resistance reduces the current 
flow through the zener diode and the posistor to less 
55 than their rated currents. 

[0029] In the electronic device protection circuit ac- 
cording to the first invention, when an overvoltage great- 
er than the rated voltage is applied to the voltage input 
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terminals of the electronic device, a current resulting 
from the overvoltage flows through the zener diode, so 
that the zener diode generates heat, which thereby ac- 
celerates the fusion of the thermal fuse, so the fusion of 
the thermal fuse is reliably carried out. Moreover by by- s 
passing the current resulting from the application of the 
overvoltage to the zener diode and the posistor, the flow 
of the current through the electronic device is reduced. 
Further, when the electrical resistance of the posistor 
increases by the continuous flow of the overcurrent re- 10 
suiting from the application of the overvoltage, the in- 
creased electrical resistance reduces the current flow 
through the zener diode and the posistor to less than 
their rated currents. ■ • 

[0030] In still another electronic device protection cir- '5 
cuit according to the first invention, when an overvoltage 
greater than the rated voltage is applied to the voltage 
input terminals of the electronic device, a current result- - 
ing from the overvoltage flows through the zener diode, 
so that the posistor and the zener diode generate heat, 20 
which thereby accelerates the fusion of the thermal fuse, 
so the fusion of the thermal fuse is reliably carried out. 
Moreover, by bypassing the current resulting from the 
application of the overvoltage to the zener diode and the 
posistor, the flow of the current through the electronic 25 
device is reduced. Further, when the electrical resist- 
ance of the posistor increases by the continuous flow of 
the overcurrent through the posistor, the increased elec- 
trical resistance reduces the current flow through the 
zener diode and the posistor to less than their rated cur- 30 
rents. 

[0031 ] Further, a thermal fuse of which the fusion tem- 
perature is higher than that of the thermal fuse may be 
also placed between the zener diode and the posistor, 
so that after the fusion of the thermal fuse, the fusion of 35 
the thermal fuse of which the fusion temperature is high- 
er may be carried out to interrupt the current flow 
through the zener diode and the posistor. 
[0032] Moreover, a thermostat may be provided in- 
stead of the thermal fuse. When the application of a volt- 40 
age exceeding the rated voltage to positive and negative 
voltage input terminals of the electronic device causes 
heat generation in the zener diode and the posistor, 
which thereby results in a rise in the temperatures there- 
of to higher than predetermined temperatures, the ther- 45 
mostat interrupts the current flow. When the tempera- 
tures drop after the interruption of the current flow, for 
example, due to no application of the overvoltage, the 
thermostat automatically returns to the initial conduction 
state, so that the thermostat can be repeatedly used. so 
[0033] Alternatively, a thermostat of which the fusion 
temperature is higher than that of the thermostat may 
be also provided instead of the thermal fuse of which 
the fusion temperature is higher, so that when the tem- 
perature drops due to no application of the overvoltage, 55 
the thermostat can return to the initial conduction state. 
[0034] The electronic device protection circuit accord- 
ing to the first invention is suitable for, for example, lith- 
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ium-ion secondary battery, lithium polymer secondary 
battery, lithium metal secondary battery, NiCad second- 
ary battery, nickel metal hydride battery and so on. How- 
ever, it is obvious that it is suitable not only for those 
described above but also for the use of protecting an 
electronic device such as a semiconductor device and 
a display device which, when a voltage greater than its 
rated voltage is applied thereto, may result in perform- 
ance degradation or damage. 

[0035] The electronic device protection circuit accord- 
ing to the second invention for inhibiting a voltage ex- 
ceeding the rated voltage of an electronic device from 
being applied thereto, comprises a zener diode having 
characteristics that applying a voltage greater than its 
breakdown voltage which is set to greater than the rated 
voltage results in an increase in current, which is con- 
nected in parallel to the electronic device and a posistor 
having characteristics of inhibiting a current by an. in- 
crease in its electrical resistance in response to at least 
either of an increase in current or a rise in temperature, 
which is connected in series to the zener diode. 
[0036] In the electronic device protection circuit ac- 
cording to the second invention, when an overvoltage 
exceeding the rated voltage of the electronic device is 
applied, a zener diode which has been virtually out of 
conduction changes into a state that current flows there- 
through, and most of a large current resulting from the 
application of the overvoltage flows through the zener 
diode so as to reduce the current flow through the elec- 
tronic device. At this time, due to the basic characteristic 
of the zener diode, when a voltage greater than the 
breakdown voltage is applied, in spite of the application 
of a voltage greater than the voltage, the voltage be- 
tween the terminals of the zener diode is locked on at 
the value of the breakdown voltage so as to maintain 
almost constant, and consequently the voltage between 
the terminals of the electronic device connected in par- 
allel to the zener diode maintains almost constant at the 
value of the breakdown voltage so as to inhibit the volt- 
age from becoming a greater overvoltage. 
[0037] When a higher voltage is applied, a higher cur- 
rent flows through the zener diode, and when the over- 
voltage is continuously applied, the zener diode contin- 
uously generates heat. However, as a posistor is con- 
nected in series to the zener diode, the electrical resist- 
ance of the posistor increases in response to an in- 
crease in current so as to reduce the current to less than 
the maximum allowable current. Alternatively, when the 
zener diode generates heat, the heat raises the temper- 
ature of the posistor, resulting in an increase in the elec- 
trical resistance of the posistor, so the current is reduced 
to less than the maximum allowable current of the zener 
diode. 

[0038] In order to reduce the current to less than the 
maximum allowable current of the zener diode as de- 
scribed above, it is preferable to set the rated current of 
the posistor to less than the maximum allowable current 
of the zener diode. Further, the posistor and the zener 



5 



9 



EP 1 189 325 A2 



10 



diode may be provided to be able to conduct heat each 
other, so that when an overvoltage exceeding the rated 
voltage is applied to the electronic device, the heat gen- 
erated in the zener diode accelerates an increase in the 
electrical resistance of the posistorto more reliably pre- 
vent overheating or damage resulting from the current 
flow through the zener diode. 

[0039] Other and further objects, features and advan- 
tages of the invention will appear more fully from the fol- 
lowing description, given by way of example only with 
reference to the accompanying drawings, in which: 
[0040] Fig. 1 is a schematic circuit diagram showing 
an electronic device protection circuit according to a first 
embodiment of the present invention. 
[0041 ] Fig. 2 is a schematic diagram of the electronic 
device protection circuit mounted to connect to a bat- 
tery/cell in the battery pack of a lithium-ion secondary 
battery. 

[0042] Fig. 3 is a cross-sectional view showing an ex- 
ample of the substantial configuration for connecting a 
thermal fuse with a zener diode. 

[0043] Fig. 4 is a cross-sectional view showing anoth- 
er example of the substantial configuration for connect- 
ing the thermal fuse with the zener diode. 
[0044] Fig. 5 is a cross-sectional view showing still an- 
other example of the substantial configuration for con- 
necting the thermal fuse with the zener diode. 
[0045] Fig. 6 is an example of a substantia! configu- 
ration in which a fusible device of the thermal fuse and 
a semiconductor device of the zener diode are covered 
with a coating. 

[0046] Fig. 7 is another example of a substantial con- 
figuration in which the fusible device of the thermal fuse 
and the semiconductor device of the zener diode are 
covered with a coating. 

[0047] Fig. 8 is still another example of a substantial 
configuration in which the fusible device of the thermal 
fuse and the semiconductor device of the zener diode 
are covered with a coating. 

[0048] Fig. 9 is a further example of a substantial con- 
figuration in which the fusible device of the thermal fuse 
and the semiconductor device of the zener diode are 
covered with a coating. 

[0049] Fig. 1 0 is a still further example of a substantial 
configuration in which the fusible device of the thermal 
fuse and the semiconductor device of the zener diode 
are covered with a coating. 

[0050] Fig. 11 is a still example of a substantial con- 
figuration in which the fusible device of the thermal fuse 
and the semiconductor device of the zener diode are 
covered with a coating. 

[0051] Fig. 12 is a still example of a substantial con- 
figuration in which the fusible device of the thermal fuse 
and the semiconductor device of the zener diode are 
covered with a coating. 

[0052] Fig. 13 is a still example of a substantial con- 
figuration in which the fusible device of the thermal fuse 
and the semiconductor device of the zener diode are 



covered with a coating. 

[0053] Fig. 1 4 is a cross sectional view of an example 
of a substantial configuration in which the thermal fuse, 
the zener diode and the posistor are covered with a cas- 
5 ' n 9- 

[0054] Fig. 1 5 is a cross sectional view of an example 
of a substantial configuration in which the fusible device 
of the thermal fuse, the semiconductor device of the 
zener diode and a temperature sensitive device of the 
10 posistor are joined through electrodes to form a combi- 
nation. 

[0055] Fig. 1 6 is a cross sectional view of another ex- 
ample of the substantial configuration in which the fusi- 
ble device of the thermal fuse, the semiconductor device 
t5 of the zener diode and the temperature sensitive device 
of the posistor are joined through the electrodes to form 
a combination. 

[0056] Fig. 17 is a graph showing each transient char- 
acteristic of current, voltage and temperature when an 

20 overvoltage is applied to a lithium-ion secondary battery 
containing an electronic device protection circuit. 
[0057] Fig. 1 8 is a graph of an example of experimen- 
tal results in a case where an overvoltage greater than 
the rated charge voltage of a thin type lithium-ion sec- 

25 ondary battery containing the electronic device protec- 
tion circuit is applied thereto. 

[0058] Fig. 1 9 is a schematic circuit diagram showing 
an electronic device protection circuit according to a 
second embodiment of the present invention. 

30 [0059] Fig. 20 is a graph of an example of experimen- 
tal results in a case where an overvoltage greater than 
the rated charge voltage of a thin type lithium-ion sec- 
ondary battery containing the electronic device protec- 
tion circuit according to the second embodiment is ap- 

35 plied thereto. 

[0060] Fig. 21 is a schematic circuit diagram showing 
an electronic device protection circuit containing a ther- 
mostat instead of the thermal fuse. 
[0061] Fig. 22 is a schematic circuit diagram showing 

40 the circuit shown in Fig. 19 containing a thermostat in- 
stead of the thermal fuse. 

[0062] Fig. 23 is a schematic circuit diagram showing 
the electronic device protection circuit shown in Fig. 1 
in which a high thermal fuse is provided between the 
posistor and the zener diode. 

[0063] Fig. 24 is a schematic circuit diagram showing 
the electronic device protection circuit shown in Fig. 2 
in which a high thermal fuse is provided between the 
zener diode and the posistor. 

50 [0064] Fig. 25 is a schematic diagram of the inside of 
a lithium-ion secondary battery containing atypical ov- 
ervoltage charge protection circuit having an IC for con- 
trol, a field-effect transistor and so on together with the 
electronic device protection circuit. 

55 [0065] Fig. 26 is a schematic circuit diagram showing 
an electronic device protection circuit according to a 
sixth embodiment of the present invention. 
[0066] Fig. 27 is a schematic diagram of the inside of 
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the battery pack of a lithium-ion secondary battery con- 
taining the electronic device protection circuit shown in 
Fig. 26 together with a secondary battery/cell and a sec- 
ondary battery protection IC. 

[0067] Fig. 28 is an example of the substantial config- 
uration in which the posistor and the zener diode are 
joined. 

[0068] Fig. 29 is another example of the substantial 
configuration in which the posistor and the zener diode 
are connected. 

[0069] Fig. 30 is still another example of the substan- 
tial configuration in which the posistor and the zener di- 
ode are connected. 

[0070] Fig. 31 is a further example of the substantial 
configuration in which the posistor and the zener diode 
are connected. 

[0071] Fig. 32 is a graph showing the result of an ex- 
periment in a case where a voltage of 25 V is applied to 
the electronic device prolecLion circuit according to the 
sixth embodiment. 

[0072] Fig. 33 is a graph showing the result of an ex- 
periment in a case 

where a further excessive voltage of 35 V is applied to 
the electronic device protection circuit according to the 
sixth embodiment. 

[0073] Fig. 34 is a graph showing the result of an ex- 
periment in a case where a fixed resistor with 220 Q and 
the maximum rated allowable power of 250 mW is used 
instead of the posistor for comparison. 
[0074] Fig. 35 is a graph showing the result of an ex- 
periment in a case where a voltage of 20 V is applied to 
the electronic device protection circuit according to the 
sixth embodiment. 

[0075] Fig. 36 is a schematic circuit diagram showing 
the electronic device protection circuit mounted in a lith- 
ium-ion secondary battery containing a communications 
IC. 

[0076] Fig. 37 is a schematic circuit diagram showing 
the electronic device protection circuit mounted in a lith- 
ium-ion secondary battery containing the communica- 
tions IC and a secondary battery protection IC. 
[0077] Fig. 38 is a schematic circuit diagram showing 
the electronic device protection circuit according to the 
sixth embodiment as shown in Fig. 26 which further con- 
tains a capacitor. 

[0078] Fig. 39 is a schematic circuit diagram showing 
the electronic device protection circuil according to a 
seventh embodiment as shown in Fig. 36 which further 
contains a capacitor. 

[0079] Fig. 40 is a schematic circuit diagram showing 
the electronic device protection circuit according to an 
eighth embodiment as shown in Fig. 37 which further 
contains a capacitor. 

[0080] Fig. 41 A and Fig. 41 B are graphs showing the 
results of measuring the progression of the voltage be- 
tween the terminals of the 2ener diode from the time just 
after applying an overvoltage of 30 V to the time that the 
voltage is brought into a stable condition in a case where 



no capacitor is provided (Fig. 41 A) and in a case where 
the capacitor is provided (Fig. 41 B). 
[0081] Fig. 42 is a schematic circuit diagram showing 
the electronic device protection circuit according to the 
5 sixth embodiment as shown in Fig. 26 containing a varis- 
tor instead of the zener diode. 

[0082] Fig. 43 is a schematic circuit diagram showing 
- the electronic device protection circuit mounted in the . 
lithium-ion secondary battery containing the communi- 

10 cations IC. 

[0083] Fig. 44 is a schematic circuit diagram showing 
the electronic device protection circuit mounted in the 
lithium-ion secondary battery containing the secondary 
battery protection IC for secondary battery protection 

15 and the communications IC. 

[0084] Fig. 45 is a schematic circuit diagram showing 
an electronic device protection circuit containing the 
varistor instead of the zener diode, to which the capac- 
itor is connected in parallel, mounted in the lithium-ion 

20 secondary battery containing the secondary battery pro- 
tection IC. 

[0085] Fig. 46 is a schematic circuit diagram showing 
the electronic device protection circuit shown in Fig. 45 
mounted in the lithium-ion secondary battery containing 

25 the communications IC. 

[0086] Fig. 47 is a schematic circuit diagram showing 
the electronic device protection circuit shown in Fig. 45 
mounted in the lithium-ion secondary battery containing 
the secondary battery protection IC and the communi- 

30 cations IC. 

[0087] Fig. 48 is an example of the substantial config- 
uration in which the posistor and the varistor are con- 
nected. 

[0088] Fig. 49 is another example of the substantial 
35 configuration in which the posistor and the varistor are 
connected. 

[0089] Fig. 50 is still another example of the substan- 
tial configuration in which the posistor and the varistor 
are connected. 

40 [0090] Fig. 51 is a graph showing the result of an ex- 
periment in a case where a voltage of 25 V is applied to 
the electronic device protection circuit according to a 
twelfth embodiment shown in Fig. 44. 
[0091] Fig. 52 is a plane view of a wiring pattern and 

45 an example of the packaging form in a case where the 
zener diode and the posistor are mounted on the surface 
of a printed wiring board. 

[0092] Preferred embodiments of the present inven- 
tion will now be described in detail with reference to the 
50 accompanying drawings. 

[First Invention] 

[First Embodiment] 

55 

[0093] Fig. 1 is a schematic circuit diagram showing 
an electronic device protection circuit according to a first 
embodiment. An electronic device protection circuit 1 00 
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comprises a posistor 3, a 7ener diode 5 and a thermal 
fuse 7 mounted in its main part, for example, in the bat- 
tery pack of a lithium-ion secondary battery in order to 
inhibit a charge voltage greater than the rated voltage 
from being applied to a cathode and an anode of a bat- 
tery/cell 9. 

[0094] More specifically, the posistor 3 has character- 
istics that its electrical resistance increases as current 
increases, and when a voltage exceeds a detecting volt- 
age, the electrical resistance steeply increases further. 
An end of the posistor 3 is connected to the cathode of 
the battery/cell 9, and the other end is connected to an 
end of the zener diode 5. 

[0095] The thermal fuse 7 has characteristics that a 
large current flow therethrough results in heat genera- 
tion therein so as to rise its temperature, and when the 
temperature rises to higher than a predetermined tem- 
perature, the fusion thereof occurs. An end of the ther- 
mal fuse 7 is connected lo the anode of the battery/cell 
9, the other end is connected to an anode side external 
connection terminal and the other end, which is not the 
one described, of the zener diode 5. Therefore, the ther- 
mal fuse 7 and the battery/cell 9 are connected in series, 
so that a circuit connected from a cathode side external 
connection terminal 11 to an anode side external con- 
nection terminal 1 3 via the battery/cell 9 and the thermal 
fuse 7 is formed. 

[0096] The zener diode 5 has characteristics that 
when the applied voltage exceeds the rated voltage 
(breakdown voltage), the current steeply increases. An 
end of the zener diode 5 is connected to the posistor 3 
(the foregoing other end thereof), and the other end is 
connected to the anode side external connection termi- 
nal 13 and the thermal fuse 7 (the foregoing other end 
thereof). As the zener diode 5 and the posistor 3 are 
connected in series, a circuit connected from the cath- 
ode side external connection terminal 11 to the anode 
side external connection terminal 13 via the zener diode 
5 and the posistor 3 is formed. The zener diode 5 is 
mounted to be able to carry out good thermal conduction 
between the thermal fuse 7 and the posistor 3 (the de- 
tails will be described later). 

[0097] In the electronic device protection circuit 100, 
the circuit composed of the zener diode 5 and the po- 
sistor 3 is connected in parallel to the foregoing circuit 
composed of the thermal fuse 7 and the battery/cell 9. 
Therefore, when applying a voltage between the cath- 
ode side external connection terminal 1 1 and the anode 
side external connection terminal 13, the flow of a cur- 
rent from the cathode to the anode is divided into the 
circuit passing through the battery/cell 9 and the thermal 
fuse 7 and the circuit passing through the zener diode 
5 and the posistor 3. At this time, the ratio of the current 
flow divided into each circuit is basically (theoretically) 
determined from an inverse proportional relationship 
between the electrical resistances of the battery/cell 9 
and the thermal fuse 7 and the electrical resistances of 
the zener diode 5 and the posistor 3. Therefore, when 



the voltage applied to the cathode side external connec- 
tion terminal 11 and the anode side external connection 
terminal 13 is lower than the rated voltage of the zener 
diode 5, the zener diode 5 is substantially brought out 

5 of conduction. Thereby, as most of the current flows into 
the battery/cell 9 through the thermal fuse 7, the battery/ 
cell 9 can be charged without any problem. When the 
applied voltage exceeds the rated voltage of the zener 
diode 5, the zener diode 5 is brought into conduction, 

10 so that the current flows through the circuit formed of 
thezenerdiode5andthe posistor 3 connected in series. 
Thus, when an overvoltage is applied, all of the overcur- 
rent resulting from the overvoltage does not flow into the 
battery/cell 9, and can be bypassed to the zener diode 

15 5 and the posistor 3. Moreover, when the overcurrent 
resulting from the application of the overvoltage contin- 
uously flows, or a much higher voltage is applied, the 
thermal fuse 7 and the zener diode 5 generate heat, 
which thereby resulting in the fusion of the thermal fuse 

20 7, so that the application of the overvoltage to the bat- 
tery/cell 9 can be interrupted completely. 
[0098] Despite the fusion of the thermal fuse 7, the 
overvoltage is continuously applied to the circuit formed 
of the zener diode 5 and the posistor 3 connected in sc- 

25 ries. Therefore, in this state, the zener diode 5 will be 
damaged due to the overcurrent or its temperature rise. 
The posistor 3, however, has an electrical resistance 
ranging from several ohms to several tenth of ohms over 
a wide temperature range from -30°C to 60°C around 

30 room temperature, and the electrical resistance has 
characteristics that when the temperature exceeds its 
detection temperature, the electrical resistance will 
steeply increase. Therefore, as the application of the ov- 
ervoltage brings the zener diode 5 into conduction, 

35 when the current flows through the posistor 3 connected 
in series thereto, the electrical resistance of the posistor 
3 will steeply increase, so that the overcurrent can be 
inhibited from flowing through the zener diode 5 and the 
posistor 3 to prevent damage to the zener diode 5. 

40 [0099] In this case, it is preferable that the breakdown 
voltage of the zener diode 5 is set to be at least greater 
than the rated charge voltage of the battery/cell 9. For 
example, in a case that the rated charge voltage of the 
battery/cell 9 is 4.2 V, the breakdown voltage of the zen- 

45 er diode is set to be 6.0 V in consideration of a voltage 
drop by the posistor 3, a safety factor and so on. If the 
breakdown voltage of the zener diode 5 is set to be less 
than the rated charge voltage of the battery/cell 9 , during 
the charge with the normal rated voltage or a long-term 

50 storage of a lithium-ion secondary battery, the current is 
bypassed to the circuit formed of the zener diode 5 and 
the posistor 3 connected in series, which may result in 
a decrease in the charge efficiency of the lithium-ion 
secondary battery or a significant reduction in the dis- 
55 charge capacity. For example, in a case where the rated 
charge voltage of the battery/cell 9 is 4.2 V and the 
breakdown voltage of the zener diode 5 is set to be be- 
tween 4.2 V and 4.5 V or less, even when the lithium- 



8 



15 EP 1 189 325 A2 16 



ion secondary battery is not in use, a current of approx- 
imately 0.1 mA or over flows through the zener diode 5 
and the posistor 3. thereby the power stored in the lith- 
ium-ion secondary battery is leaked like dark current, 
resulting in a significant reduction in the discharge ca- 
pacity of the lithium-ion secondary battery. Further, even 
if the normal rated charge voltage is applied, the charge 
current resulting from the voltage will be bypassed to 
the zener diode 5 and the posistor 3, and will not flow 
into the battery/cell 9, resulting in a significant reduction 
in the charge efficiency; However, by setting the break- 
down voltage of the zener diode 5 to be greater than the 
rated charge voltage of the battery/cell 9 such as 6.0 V, 
the battery/cell 9 can be efficiently charged when the 
rated charge voltage is applied, and the electrical power 
stored in the battery/cell 9 after the charge can be reli- 
ably held with no leakage. As an example, a dark current 
flow through the zener diode 5, of which breakdown volt- 
age is set at 6.0 V, is extremely small such as approxi- 
mately 50 p.A or less. 

[0100] It is obviously preferable that when applying 
the rated charge voltage, the fusion of the thermal fuse 
7 is reliably carried out by the heat generated in the zen- 
er diode 5 and thermal fuse 7, A fusible device used for 
the thermal fuse 7 is preferably made of a low-melting 
alloy with a melting point of 90°C to 1 30°C. Alternatively, 
when the melting point is required to be lower, a fusible 
device made of a low-melting alloy doped with cadmium 
(Cd) or made of a fuse resistance composition material 
including a thermal-expanding microcapsule may be 
used. Alternatively the thermal fuse 7 with a typical con- 
figuration having a fuse element, a spring and a contact 
may be used. 

[0101] Further, as the posistor 3, for example, the one 
with an electrical resistance ranging from 10 Q to 200 Q. 
over a temperature range 0°C to 60°C having charac- 
teristics that when the temperature thereof rises to 
100°C to 150°C, the electrical resistance steeply in- 
creases, or the one that when a current of, for example, 
20 mA to 100 mA or over flows therethrough, the tem- 
perature thereof rises, resulting in a steep increase in 
the electrical resistance, which thereby inhibits the cur- 
rent flow through the posistor 3 can be preferably used, 
but it is obviously not limited to the posistor with forego- 
ing specifications. A PTC conductive polymer compos- 
ite made of a polymer component and carbon black, a 
BaTi0 3 semiconductor composite or a ceramic compos- 
ite is suitable for a material for the major part of the po- 
sistor 3. The temperature for maintaining the posistor 3 
with high resistance (detection temperature) is prefera- 
bly 1 00°C to 1 50°C. For such posistor 3 having positive 
temperature sensitive resistance characteristics that the 
electrical resistance increases as the temperature rises, 
for example, a semiconductor having a temperature 
sensitive resistance material with a temperature sensi- 
tive function may be used. In this case, it is suitable that 
the change rate of the temperature sensitive resistance 
is, for example, 4000 ppm/°C. 



[0102] Fig. 2 schematically shows the electronic de- 
vice protection circuit mounted to connect to the battery/ 
cell in the battery pack of the lithium-ion secondary bat- 
tery. 

5 [0103] In the thin-type battery pack of a lithium-ion 
secondary battery for, for example, cellular phone, the 
cathode side external connection terminal 11 and the 
anode side external connection terminal 13 which are 
formed of copper alloy or stainless sheet are provided 
10 for ends on the outer surface of a package case 15 made 
of a insulating material such as plastic. The battery/cell 
9, which is chargeable and rechargeable, is built in the 
package case 15. In a case where a battery/cell pack- 
age can 95 of the battery/cell 9 is an anode, the battery/ 
is cell package can 95 is connected to the anode side ex- 
ternal connection terminal 1 3 through the electronic de- 
vice protection circuit 1 00, and a cathode of the battery/ 
cell 9 is connected to the cathode side external connec- 
tion terminal 11 . On the other hand, in a case where the 
20 battery/cell package can 95 of the battery/cell 9 is a 
cathode, the battery/cell package can 95 is connected 
to the cathode side external connection terminal 1 1 , and 
the anode of the battery/cell 9 is connected to the anode 
side external connection terminal 13 through the elec- 
ts tronic device protection circuit 100. 

[0104] The electronic device protection circuit 100 is 
built in the battery pack. The thermal fuse 7, the zener 
diode 5 and the posistor 3 are covered with an electrical 
insulating casing made of flame-retardant insulation pa- 
30 pers, polyester tapes or thermosetting plastics, and 
mounted on a side of the battery/cell 9 as one unit. The 
casing preferably has some degree of heat insulation in 
order that when an overvoltage is applied, the heat in- 
sulation can reliably accelerate a rise in the temperature 
35 of the thermal fuse 7 without releasing heat generated 
in the zener diode 5 and posistor 3 to the outside. In 
addition, it is preferable that wiring between the zener 
diode 5 and the thermal fuse 7 is designed to have a 
shortest possible length and a widest possible cross- 
40 sectional area, and the wiring is made of a material with 
as good thermal conductivity as possible. Further, in or- 
der to prevent the heat in the casing from being conduct- 
ed to the battery/cell 9, the casing is preferably made of 
a high thermal insulating material. 
45 [0105] Fig. 3 is a cross-sectional view showing an ex- 
ample of a substantial configuration for connecting a 
thermal fuse 7 with a zener diode 5. The main part of 
the thermal fuse 7 is composed of a fusible device 71 
and two electrode terminals 73 and 75 made of metal 
so sheets connected thereto, which are covered with an 
electrical insulating coating 77. The zener diode 5 is 
composed of two electrodes 51 and 53 made of metal 
sheets placed opposite to each other and a semicon- 
ductor device 55 placed in between the electrodes 51 
55 and 53 which- are covered with an electrical insulating 
coating 57. Each part of the electrodes 51 and 53 has 
a part which is projected from the coating 57 as an elec- 
trode terminal for electrical connection. 
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[0106] The electrode terminal 73 of the thermal fuse 
7 is connected to the battery/cell package can 95 of the 
battery/cell 9, and the electrode terminal 75 is connect- 
ed to the electrode 51 of the zener diode 5. The elec- 
trode 53 of the zener diode 5 is connected to an end to 
the posistor 3 which is not shown in Fig. 3. The other 
end of the posistor 3 is electrically connected to the cath- 
ode of the battery/cell 9 and the cathode side external 
connection terminal 11 . 

[01 07] In Fig. 3 to Fig. 1 3, the posistor 3 is not shown, 
but the electrode 53 of the zener diode 5 which is pro- 
jected toward the right in each drawing is connected to 
an end of the posistor 3 in practice, while the other end 
of the posistor 3 is connected to the cathode of the bat- 
tery/cell 9. The electrode terminal 75 and the electrode 
51 which connect the thermal fuse 7 with the zener diode 
5 are connected to the anode side external connection 
terminal 1 3 through connecting wiring, etc., which is not 
shown in Fig. 3 to Fig. 13. 

[0108] In this case, the electrode terminals and elec- 
trodes described above are made of strap-shape metal 
sheets, which are preferably made of materials with 
good electrical conductivity such as copper-, brass- or 
nickel-based alloy. These metal sheets can be joined 
by, for example, electrical resistance welding or solder- 
ing. 

[0109] The metal sheets connecting the zener diode 
5 with the thermal fuse 7 are preferably designed to be 
thick and wide so as to have widest possible cross-sec- 
tional areas. The length of the wiring is preferably as 
short as possible. It is preferable to join the electrode 
terminal 75 of the thermal fuse 7 and the electrode 51 
of the zener diode 5 with a widest possible part where 
they overlap one another so as to have better thermal 
conductivity. Thus, by having betterthermal conductivity 
between the zener diode 5 and thermal fuse 7, the heat 
generated in the zener diode 5 can be efficiently con- 
ducted to the thermal fuse 7 so as to more reliably carry 
out the fusion of the thermal fuse 7. 
[01 10] Fig. 4 is a cross-sectional view showing anoth- 
er example of the substantial configuration for connect- 
ing the thermal fuse 7 with the zener diode 5. The ther- 
mal fuse 7 and the zener diode 5 are arranged to be 
stacked. The electrodes 51 and 53 of the zener diode 5 
is arranged to be projected toward the outside in the 
same direction. In order to prevent a short circuit be- 
tween the electrodes 51 and 53, an insulation film 59 is 
placed in between. The coating 77 of the thermal fuse 
7 and the coating 57 of the zener diode 5 are made of 
electrical insulating materials, and the part where both 
coatings overlap one another is the thinnest possible to 
such an extent as not to lose their electrical insulation 
and dynamical strength. 

[0111] In such configuration, as heat generated in the 
semiconductor device 55 of the zener diode 5 can be 
efficiently conducted to the fusible device 71 of the ther- 
mal fuse 7 through the thin coatings 57 and 77, the fu- 
sion of the thermal fuse 7 can be reliably carried out. 



[0112] Fig. 5 is a cross-sectional view showing still an- 
other example of a substantial configuration for connect- 
ing the thermal fuse 7 with the zener diode 5. The ther- 
mal fuse 7 and the zener diode 5 are bonded with a high- 

5 thermal-conductivity sheet 1 7. An adhesive with good 
thermal conductivity (not shown) is used for bonding. 
The parts where the coating 77 of the thermal fuse 7 
and the coating 57 of the zener diode 5 are bonded with 
the thermal conductivity sheet 17 are the thinnest pos- 

10 sible to such an extent as not to lose their electrical in- 
sulation and dynamical strength. The thermal conduc- 
tivity sheet 17 is preferably made of a metallic material 
with high thermal conductivity and good machinability 
such as copper, brass, aluminum and nickel. 

15 [01 13] In such configuration, as heat generated in the 
zener diode 5 can be efficiently conducted to. the ther- 
mal fuse 7 through the thermal conductivity sheet 17, 
the fusion of the thermal fuse 7 can be reliably carried 
out. 

20 [0114] Each drawing of Fig. 6 to Fig. 13 shows a sub- 
stantial configuration in which the fusible device 71 of 
the thermal fuse 7 and the semiconductor device 55 of 
the zener diode 5 are covered with a coating made of 
an insulating material. 

25 [0115] In the configuration shown in Fig. 6, the fusible 
device 71 of the thermal fuse 7 and the semiconductor 
device 55 of the zener diode 5 are placed on the head 
side and back side of an electrode 21 , respectively. The 
fusible device 71 is offset to the left on the top surface 

30 of the electrode 21 in the drawing, and approximately 
half the length of the fusible device 71 is projected to- 
ward the left side. The electrode terminal 73 is joined on 
the undersurface of the projected part of the fusible de- 
vice 71 . The electrode terminal 73 is projected from the 

35 coating 1 9 to the left in the drawing to connect with the 
battery/cell package can 95 of the battery/cell 9 or the 
like. On almost the whole undersurface of the electrode 
21 , the semiconductor device 55 is joined. On the un- 
dersurface of the semiconductor device 55, the elec- 

40 trode 53 is joined, and is projected from the coating 19 
to the right in the drawing to connect with the cathode 
of the battery/cell 9. In such configuration, as in the coat- 
ing 19, heat generated in the semiconductor device 55 
can be efficiently conducted to the fusible device 71 

45 through the electrode 21 without releasing the heat to 
the outside, the fusion of the fusible device 71 can be 
reliably carried out, and the configuration of a combina- 
tion of the fusible device 71 and the semiconductor 55 
can be simpler. 

so [0116] Alternatively, as shown in Fig. 7. the semicon- 
ductor device 55 together with the fusible device 71 may 
be placed on the top surface of the electrode 23. 
[0117] In the configuration shown in Fig. 8, the ther- 
mal conductivity sheet 1 7 made of metal with good ther- 

55 ma! conductivity such as aluminum and an insulation 
film 61 is additionally placed in the configuration shown 
in Fig. 7. In such configuration, heat generated in the 
semiconductor device 55 can be more efficiently con- 
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ducted to the fusible device 71 through the thermal con- 
ductivity sheet 1 7 and the insulation film 61 . As the fu- 
sible device 71 and the semiconductor device 55 are 
fixed on the thermal conductivity sheet 1 7, even if a me- 
chanical impact or thermal stress is applied from the out- 
side, damage to the fusible device 71 or the semicon- 
ductor device 55 or breakdown of electrical connection 
can be prevented by reinforcements to the mechanical 
strength of the thermal conductivity sheet 1 7. It is obvi- 
ous that the insulation film 61 is placed between the ther- 
mal conductivity sheet 17 and the fusible device 71 so 
as to prevent an electrical short circuit in between. 
[0118] In the configuration shown in Fig. 9, the semi- 
conductor device 55 is directly stacked on the fusible 
device 71 , while the top surface of the semiconductor 
device 55 and the undersurface of the fusible device 71 
are joined with the electrode 53 and an electrode 83, 
respectively. In such configuration, heat generated in 
the semiconductor device 55 can be directly conducted 
to the fusible device 71 to carry out the most efficient 
thermal conduction. 

[01 1 9] Alternatively, for example, as shown in Fig. 1 0, 
an electrode 85 may be placed between the semicon- 
ductor device 55 and the fusible device 71 as an elec- 
trode. 

[0120] In the configuration shown in Fig. 11 , the sem- 
iconductor device 55 and the fusible device 71 are 
joined with an electrode 87, which is used not only as 
wiring for electrically connecting but also as a compo- 
nent for conducting heat. The semiconductor 55 is 
joined with the electrode 53, which is connected to the 
cathode of the battery/cell 9. The fusible device 71 is 
joined with the electrode 83, which is connected to the 
battery/cell package can 95 of the battery/cell 9. In such 
configuration, as the fusible device 71 is connected to 
the semiconductor device 55 in series through the elec- 
trode 87, good thermal conduction between the fusible 
device 71 and the semiconductor device 55 through the 
electrode 87 can be achieved. Further, the configuration 
can be simpler. 

[0121] Alternatively, for example, as shown in Fig. 12, 
by the thermal conductivity sheet 1 7 additionally bonded 
on the surface of an electrode 87, better thermal con- 
duction between the fusible device 71 and the semicon- 
ductor 55 can be achieved, and the mechanical strength 
can be reinforced. 

[01 22] In the configuration shown in Fig. 1 3, two elec- 
trodes 84 and 86, the fusible device 71 and the semi- 
conductor device 55 are horizontally arranged, and the 
ends adjacent to each other are joined by, for example, 
a welding method. An electrode 88 is placed between 
the fusible device 71 and the semiconductor device 55, 
and is connected to the anode side external connection 
terminal 13 through connection wiring which is not 
shown in the drawing. In such configuration., as heat 
generated in the semiconductor device 55 is directly 
conducted to the fusible device 71 , more efficient ther- 
mal conduction can be achieved, and the configuration 



of the combination of the fusible device 71 and the sem- 
iconductor device 55 can be the most simplest and thin- 
nest. 

[0123] In each configuration shown in Fig. 6 to Fig. 

5 13, a combination of the thermal fuse 7 and the zener 
diode 5 is covered with the coating 1 9 made of an insu- 
lating material, though a combination of the zener diode 
5 and the posistor 3 may be covered with a coating. In 
such configuration, when the zener diode 5 generates 

10 heat resulting from the flow of a large current, by reliably 
conducting the heat to the posistor 3 to increase the 
electrical resistance, the overcurrent flow can be re- 
duced, so that damage to the zener diode 5 can be re- 
liably prevented. 

'5 [0124] Fig. 1 4 is a cross sectional view of an example 
of a substantial configuration in which the thermal fuse 
7, the zener diode 5 and the posistor 3 are covered with 
a casing. The zener diode 5 is stacked on the thermal ' 
fuse 7, on which the posistor 3 is slacked. The thermal 

20 fuse 7 is the fusible device 71 covered with an exclusive 
coating 77. The zener diode 5 is substantially the sem- 
iconductor 55 covered with an exclusive coating 57. The 
posistor 3 is substantially a temperature sensitive de- 
vice 31 covered with an exclusive coating 37. Each of 

25 there coatings 37, 57 and 77 is made of an electrical 
insulating material. 

[0125] On the sides of the thermal fuse 7, the zener 
diode 5 and the posistor 3, electrode terminals 1 71 ,173, 
151, 153, 131 and 133 are provided, respectively. The 

30 electrode terminal 1 71 placed on the left side surface of 
the thermal fuse 7 in the drawing is connected to the 
anode of the battery/cell 9, while the electrode 173 on 
the right side surface is joined with the electrode termi- 
nal 153 on the right side surface of the zener diode 5. 

35 The electrode terminal 151 on the left side surface of 
the zener diode 5 is joined with the electrode terminal 
131 on the left side surface of the posistor 3. The elec- 
trode terminal 1 33 on the right side surface of the posis- 
tor 3 is connected to the cathode side external connec- 

40 tion terminal 11 and the cathode of the battery/cell 9. 
The electrode terminals 173 and 153 connecting the 
thermal fuse 7 and the zener diode 5, and the electrode 
terminals 151 and 131 connecting the zener diode 5 and 
the posistor 3 are preferably made of metal sheets with 

45 good electrical and thermal conductivities such as cop- 
per, brass, aluminum alloy and silver. 
[0126] In such configuration, by efficiently conducting 
heat from the zener diode 5 to the thermal fuse 7, when 
an overvoltage is applied, the fusion of the thermal fuse 

so 7 can be reliably carried out. Further, by efficiently con- 
ducting heat from the zener diode 5 to the posistor 3, 
when an overcurrent flows therethrough, the tempera- 
ture of the posistor 3 rises, resulting in an increase in 
the electrical resistance, so that damage to the zener 

55 diode 5 resulting from the overcurrent can be prevented. 
The electrode terminal 171 connecting the thermal fuse 
7 and the anode of the battery/cell 9 and the electrode 
- terminal 133 connecting the posistor 3 and the cathode 
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of the battery/cell 9 are preferably made of a material 
with high electrical conductivity and relatively low ther- 
mal conductivity such as nickel-based alloy and iron- 
based alloy. Thus, overheating of the battery/cell 9 re- 
sulting from heat generated in the zener diode 5 can be 
prevented. 

[0127] In the configuration shown in Fig. 15, the fusi- 
ble device 71 of the thermal fuse 7, the semiconductor 
device 55 of the zener diode 5 and the temperature sen- 
sitive device 31 of the posistor3 are joined through elec- 
trodes 172, 174 and 176 to form a combination, which 
is covered with a coating 181. The electrode 83 joined 
with the undersurface of the fusible device 71 in the 
drawing is connected to the anode of the battery/cell 9. 
The electrode 83 is connected to the undersurface of 
the fusible device 71. The electrode 172 placed on the 
top surface of the fusible device 71 and the electrode 
174 placed on the undersurface of the semiconductor 
device 55 are connected to the anode side external con- 
nection terminal 13 through connection wiring which is 
not shown in the drawing. The electrode 176 is placed 
between the top surface of the semiconductor device 55 
and the undersurface of the temperature sensitive de- 
vice 31 . The electrode 53 is joined on the top surface of 
the temperature sensitive device 31, and is connected 
to the cathode side external connection terminal 11. In 
such configuration, by efficiently conducting heat from 
the semiconductor device 55 to the fusible device 71, 
when an overvoltage is applied, the fusion of the fusible 
device 71 can be reliably carried out. Further, by effi- 
ciently conducting heat from the semiconductor device 
55 to the temperature sensitive device 31, when an 
overcurrent flows therethrough, the temperature of the 
temperature sensitive device 31 rises, resulting in an in- 
crease in the electrical resistance, so that damage to 
the semiconductor device 55 resulting from the overcur- 
rent can be prevented. 

[01 28] Alternatively, as shown in Fig. 1 6, the temper- 
ature sensitive device 31 and the semiconductor device 
55 may be directly joined without the electrode 176 by 
a simpler configuration. 

[01 29] Further details of functions of the electronic de- 
vice protection circuit 1 00 according to the first embod- 
iment will be described below. 

[0130] When an overvoltage greater than the rated 
voltage of the battery/cell 9 is applied to the anode side 
external connection terminal 13 and cathode side exter- 
nal connection terminal 11 ,forexample ; during abattery 
charge, the voltage is applied to a circuit formed of the 
zener diode 5 and the posistor 3 connected in series, 
too. At this time, as the electrical resistance of the po- 
sistor 3 has not yet increased, the amount of a voltage 
drop in the posistor 3 is small, so that an overvoltage 
determined by the subtraction of the voltage drop from 
the overvoltage is applied to the zener diode 5. If the 
applied voltage is greater than the breakdown voltage 
of the zener diode 5, a large current flows through the 
zener diode 5, which thereby generates heat. The heat 



is conducted to the thermal fuse 7 so that the thermal 
fuse 7 is heated. Consequently the fusion of the thermal 
fuse 7 occurs to completely shut down the application 
of the overvoltage to the battery/cell 9. And, before that, 

5 most of the large current resulting from the overvoltage 
flows through the zener diode 5 and the posistor 3, but 
not through the battery/cell 9. Therefore, even before 
the fusion of the thermal fuse 7, the battery/cell 9 can 
be prevented from being damaged or degraded due to 

10 the application of the overvoltage. 

[0131] At this time, the value of the current flow 
through the zener diode 5 and the posistor 3 is deter- 
mined by the sum of the voltage applied to the anode 
side external connection terminal 13 and the cathode 

*5 side external connection terminal 11 minus the break- 
down voltage of the zener diode 5 divided by the value 
of the initial resistance of the posistor 3. Therefore, when 
the applied voltage is extremely excessive and the cur- 
rent in response to the applied voltage is greater than 

20 the rated current of the posistor 3, the electrical resist- 
ance of the posistor 3 increases to inhibit the current 
flow through the posistor 3 and the zener diode 5. Fur- 
ther, when heat generation continues due to the contin- 
uous flow of the large current and the zener diode 5 is 

25 overheated, due to the heat, the electrical resistance of 
the posistor 3 increases to inhibit the current flow 
through the posistor 3 and the zener diode 5. Conse- 
quently the zener diode 5 can be prevented from dam- 
age, etc. 

30 [0132] Fig. 1 7 shows each transient characteristic of 
current, voltage and temperature when an overvoltage 
is applied to a lithium-ion secondary battery having the 
electronic device protection circuit 1 00 according to the 
first embodiment. As an example shown in the graph, in 

35 a case where the ambient temperature is 20°C, the rat- 
ed charge voltage of the battery/cell 9 is 4.2 V, the fusion 
temperature of the thermal fuse 7 is 90°C, the break- 
down voltage of the zener diode 5 is 6 V, the continuous 
rated of the output power is 600 mW, the maximum in- 

40 stant output power is 1200 mA, the rated current of the 
posistor 3 is 100 mW, the detection temperature is 
130°C, and the resistance at 25°C is 20 a, transient 
characteristics when the lithium-ion secondary battery 
is connected to a charger with the rated charge power 

45 of 10 V, 1 A are shown. 

[01 33] When the lithium-ion secondary battery is con- 
nected to the charger, an applied voltage comes up, and 
a voltage greater than 6 V which is the breakdown volt- 
age of the zener diode 5 is applied thereto, then a cur- 

50 rent starts to flow through the zener diode 5 and the po- 
sistor 3. When the applied voltage reaches 10 V after 
approximately 3 seconds, a voltage applied to the po- 
sistor 3 becomes 4 V. At this time, as the posistor 3 is 
not yet overheated and its temperature is less than the 

55 detection temperature, its electrical resistance is around 
20 £2 of the initial value, so the initial value of current 
through the posistor 3 is around 200 mA. At this time, 
as a voltage applied to the zener diode 5 is 6 V and the 
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current through the 7ener diode 5 is the same 200 mA 
as that through the posistor 3, the power consumed by 
the heat generation is approximately 1200 mW. which 
is equal to or less than 1 200 mW of the rated maximum 
instant power of the zener diode 5. 
[0134] Thecurrent value of the posistor 3 continuous- 
ly increases until the temperature of the posistor 3 
reaches the detection temperature. The increase in cur- 
rent results in increases in the amount of heat genera- 
tion in the zener diode 5 and the posistor 3. When the 
temperature of the posistor 3 reaches 130°C which is 
the detection temperature, the electrical resistance of 
the posistor 3 steeply increases to approximately 40 Q, 
and the current is reduced from 200 mA to 100 mA. At 
this time, as the voltage applied to the zener diode 5 
becomes 6 V due to a voltage drop resulting from 40 il 
of the electrical resistance of the posistor 3, the power 
consumed by the heat generation of the zener diode 5 
becomes 600 mW, which is equal to or less than the 
continuous rated of the power of 600 mW. When the 
heat generation continues, the temperature of the zener 
diode 5 gradually rises to approximately 100°C. The 
heat generated in the zener diode 5 is applied to the 
thermal fuse 7. When the temperature of thermal fuse 
7 reaches 90°C, the fusion of the thermal fuse 7 occurs 
to completely shut down the application of the overvolt- 
age to the battery/cell 9. Until the fusion of the thermal 
fuse 7 occurs, the current flow from the charger to the 
lithium-ion secondary battery is stable at approximately 
between 800 mA and 1 ,000 mA. 
[0135] When the fusion of the thermal fuse 7 occurs, 
the current resulting from the application of the overvolt- 
age flows not through a circuit comprising the battery/ 
cell 9 but through a circuit formed of the zener diode 5 
and the posistor 3 connected in series. At this time, as 
the electrical resistance of the posistor 3 has already 
increased, the current flow through the zener diode 5 is 
reduced to 1 00 mA, and the voltage applied to the zener 
diode 5 is reduced to 6 V by the voltage drop resulting 
from the electrical resistance of the posistor 3. There- 
fore, damage to or overheating of the zener diode 5 can 
be prevented. 

[0136] Fig. 18 shows a graph of an example of results 
from an experiment in a case where an overvoltage 
greater than the rated charge voltage is applied to a thin 
type lithium-ion secondary battery containing the elec- 
tronic device protection circuit 1 00. 
[0137] In the experiment, the thermal fuse 7 and the 
zener diode 5 were connected with a short strip-shaped 
metal sheet. The ambient temperature during the exper- 
iment was approximately 30°C. The output voltage of a 
charger which was a DC power source was 10 V, and 
the maximum current was 2 A. The electrical resistance 
of the posistor 3 at 30°C was approximately 20Q, and 
the detection temperature was 120°C. The breakdown 
voltage of the zener diode 5 was approximately 6 V, and 
the fusion temperature of the thermal fuse 7 was 90°C. 
In the graph shown in Fig. 18, the horizontal axis indi- 



cates the elapsed time from the application of the volt- 
age, the vertical axis at the left indicates each voltage 
applied to the zener diode 5, posistor 3 and the battery/ 
cell 9. and the vertical axis at the right indicates the 

s charge current of the battery/ceH"9 and the current flow 
through the zener diode 5 in ampere together with the 
temperature of the thermal fuse 7 in. centigrade (°C), 
[0138] When the charger was connected, after a rise - 
time of approximately one second (a delay in response) , 

10 the voltage applied to the battery/cell 9 rose to 1 0 V, and 
the voltages of 4 V and 6 V were applied to the posistor 
3 and zener diode 5, respectively. At that time, as the 
voltage greater than the breakdown voltage of the zener 
diode 5 was applied, the zener diode 5 was brought into 

is a state of flowing a current therethrough, so a current of 
approximately 200 mA flew through the zener diode 5 
and the posistor 3 which was connected in series to the 
zener diode 5. Therefore, the zener diode 5 generated 
heal with a power of approximately 1200 mW (= 6 V x 

20 200 mA), which heated the zener diode 5, posistor 3 and 
the thermal fuse 7, resulting in rises in their tempera- 
tures. As the posistor 3 itself generated heat with the 
power of approximately 800 mW (=4Vx 200 mA) , the 
heat contributed to heating of thermal fuse 7, etc. Fur- 

25 ther, at that time, a voltage of 10 V was applied to the 
battery/cell 9, and the charge current of approximately 
1 .8 A stably flew therethrough. 

[0139] If such charging condition had continued for, 
for example, a few minutes, the battery/cell 9 would 

30 have generated heat resulting from the charge with the 
overvoltage, which thereby might have resulted in deg- 
radation of or damage to the battery/cell 9. However, 
when such condition of charge with the overvoltage con- 
tinued for approximately 40 seconds, the temperature 

35 of the thermal fuse 7 rose to its fusion temperature 
(90°C), so the fusion of the thermal fuse 7 was carried 
out. Therefore, the application of the overvoltage to (in 
other word, an overcurrent flow through) the battery/cell 
9 could be shut down. Thus, when the fusion of the ther- 

40 mal fuse 7 occurred, the voltage applied to the battery/ 
cell 9 became 4.2 V of the rated output voltage or less 
amount of the voltage which was equal to the voltage 
during the charge. 

[0140] However, even though the fusion of the ther- 
ms mal fuse 7 occurred, a current of approximately 200 mA 
continued to flow through the zener diode 5 and the po- 
sistor 3, so the zener diode 5 and the posistor 3 contin- 
uously generated heat. The heat was conducted to the 
thermal fuse 7, and the temperature of the thermal fuse 
50 7 continuously rose even after the fusion, and reached 
approximately 100°C 50 seconds after starting the ap- 
plication of the overvoltage. It indicated that the temper- 
ature of the zener diode 5 reached at least approximate- 
ly 100°C. If such condition had further continued, the 
55 zener diode 5 as well as the posistor 3 might have been 
overheated, resulting in the degradation or damage. 
However, when the temperature of posistor 3 reached 
the detection temperature of 120°C (not shown in Fig. 
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1 7, etc.), the electrical resistance of the posistor 3 steep- 
ly increased to reduce the current flow through the po- 
sistor 3 and the zener diode 5 to 1 00 mA, so that the 
amounts of the heat generation in the zener diode 5 and 
the posistor 3 were reduced to less than half after that, s 
Thus, the zener diode 5 and the posistor 3 could be pre- 
vented from being degraded or damaged due to over- 
heating. 

[0141] Further, like this experiment, in a case where 
an overvoltage applied to the battery/cell 9 is less than to 
double the breakdown voltage of the zener diode 5, the 
heat generation in the zener diode 5 becomes more 
dominant than that in the posistor 3. Therefore, by con- 
ducting the heat generated in the zener diode 5 to the 
thermal fuse 7, the fusion of the thermal fuse 7 can be 15 
reliably carried out. 

[Second Embodiment] 

[0142] Fig. 19 shows a schematic circuit diagram of 20 
an electronic device protection circuit 101 according to 
a second embodiment of the present invention. In an 
electronic device protection circuit 101, the posistor 3 
and the zener diode 5 in the first embodiment shown in 
Fig. 1 are arranged to change places. Further, in the 25 
configuration of the second embodiment, the zener di- 
ode 5 in the conf igu ration of the first embodiment shown 
in each drawing of Fig. 3 to Fig. 13 is replaced with the 
posistor 3, and the zener diode 5 and the posistor 3 in 
the configuration shown in each drawing of Fig. 14 to 
Fig. 16 are arranged to change places. 
[0143] In the electronic device protection circuit 101 , 
when an overvoltage is applied to the cathode side ex- 
ternal connection terminal 11 and the anode side exter- 
nal connection terminal 13, a voltage greater than the 
breakdown voltage is applied to the zener diode 5, which 
then is brought into a state that a current flows there- 
through, so the zener diode 5 as well as the posistor 3 
generate heat. The posistor 3 and the zener diode 5 are 
arranged to be capable of efficiently conducting the heat 
to the thermal fuse 7. Therefore, by the heat generated 
in the posistor 3 and the zener diode 5 due to the appli- 
cation of the overvoltage, the fusion of the thermal fuse 
7 is reliably carried out. Even after the fusion of the ther- 
mal fuse 7, the posistor 3 and the zener diode 5 contin- 
uously generate heat for a while. However, when the 
temperature reaches the detection temperature of the 
posistor 3, the electrical resistance of the posistor 3 
steeply increases, and from then on, the current flow 
through the posistor 3 and the zener diode 5 is reduced, 
so that the zener diode 5 can be prevented from being 
degraded or damaged due to overheating. 
[0144] In a case where the posistor 3 is placed close 
to the thermal fuse 7, when a voltage greater than ap- 
proximately double the breakdown voltage of the zener 
diode 5 is applied, by the use of the posistor 3 with a 
great heating value, which efficiently generates heat, 
the fusion of the thermal fuse 7 can be reliably carried 



out. 

[01 45] Fig. 20 shows a graph of an example of results 
from an experiment in a case where an overvoltage 
greater than the rated charge voltage is applied to a thin 
type lithium-ion secondary battery containing the elec- 
tronic device protection circuit 101. In the experiment, 
the thermal fuse 7 and the posistor 3 were electrically 
and thermally connected with a short strip-shaped metal 
sheet. The ambient temperature during the experiment 
was approximately 30°C. The output voltage of a charg- 
er which was a DC power source was 15 V, and the max- 
imum current was 0.9 A, The electrical resistance of the 
posistor 3 at 30°C was approximately 20 12, and the de- 
tection temperature was 1 20°C . The breakdown voltage 
of the zener diode 5 was approximately 6 V, and the fu- 
sion temperature of the thermal fuse 7 was 90°C. In the 
graph shown in Fig. 20, the horizontal axis indicates the 
elapsed time from the application of the voltage, the ver- 
tical axis at the left indicates each voltage of the zener 
diode 5, posistor 3 and the battery/cell 9, and the vertical 
axis at the right indicates the charge current of the bat- 
tery/cell 9 and the current flow through the zener diode 
5, as well as the temperature of the thermal fuse 7 in 
centigrade. 

[01 46] When the charger was connected, after a rise 
time of approximately one second, the voltage of the 
battery/cell 9 rose to 15 V, and the voltages of approxi- 
mately 9 V and 6 V were applied to the posistor 3 and 
zener diode 5, respectively. At that time, as the voltage 
greater than the breakdown voltage of the zener diode 
5 was applied, the zener diode 5 was brought into con- 
duction, then a current of approximately 100 mA flew 
through the zener diode 5 and the posistor 3 which was 
connected in series to the zener diode 5. Therefore, the 
zener diode 5 generated heat with a power of approxi- 
mately 600 mW (= 6 V x 100 mA). Also, with a power 
of approximately 900 mW (= 9 V x 100 mA), the posistor 
3 generated heat, which was mainly applied to the ther- 
mal fuse 7. Further, at that time, a voltage of 15 V was 
applied to the battery/cell 9, the charge current of ap- 
proximately 0.8 A stably flew therethrough. 
[0147] When such condition continued, as the posis- 
tor 3 was heated by the heat generation in the posistor 
3 itself and the thermal fuse 7, the electrical resistance 
of the posistor 3 increased, so the current flow through 
the posistor 3 and the zener diode 5 was gradually re- 
duced. For example, the current value which was 0.1 A 
after approximately 1 second declined to 0.07 A after 
approximately 20 seconds, though the heat generation 
in the posistor 3 and the zener diode 5 continued without 
making a stop, so the thermal fuse 7 was heated more 
due to the heat. For example, after 20 seconds, the tem- 
perature of the posistor 3 reached nearly 120°C (not 
shown). When such heat generation continued, the tem- 
perature of thermal fuse 7 reached the fusion tempera- 
ture of 90°C, and then the fusion of the thermal fuse 7 
occurred to shut down the application of the overvoltage 
to the battery/cell 9. 
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[0148] On the other hand, as a current of approxi- 
mately 60 mA continuously flew through the zener diode 
5 and the posistor 3. the heat generation in the zener 
diode 5 and the posistor 3 carried on even after the fu- 
sion of the thermal fuse 7. so the temperatures of the 5 
zener diode 5 and the posistor 3 rose still higher. There- 
fore, the temperature of the thermal fuse 7 reached ap- 
proximately 98°C 40 seconds after starting the applica- 
tion of the overvoltage. It indicated that the temperature 
of the posistor 3 reached at least approximately 98°C. 10 
If such condition had further continued, the posistor 3 
as well as the zener diode 5 would have been further 
overheated, which might have resulted in degradation 
or damage. However, when the temperature of posistor 
3 reached the detection temperature of 1 20°C, the elec- 15 
trical resistance of the posistor 3 steeply increased to 
abruptly reduce the current flow through the posistor 3 
and the zener diode 5, so from then on, the heat gener- 
ation in the zener diode 5 and the posistor 3 was re- 
duced. Thus, the zener diode 5 and the posistor 3 could 20 
be prevented from being degraded or damaged due to 
overheating. 

[0149] As confirmed in this experiment, in the config- 
uration that the posistor 3 with a great heating value is 
placed close to the thermal fuse 7 to conduct heat from 25 
the posistor 3 to the thermal fuse 7, when an overvoltage 
applied to the battery/cell 9 is greater than double the 
breakdown voltage of the zener diode 5, the heat gen- 
eration in the posistor 3 becomes more dominant than 
that in the zener diode 5. Therefore, by conducting the 30 
heat generated in the posistor 3 to the thermal fuse 7, 
the fusion of the thermal fuse 7 can be reliably carried 
out, and the time elapsed from the fusion of thermal fuse 
7 to reduction of current by the posistor i3 can be short- 
ened more. 35 

[Third Embodiment] 

[0150] Fig. 21 shows an electronic device protection 
circuit 102 according to a third embodiment of the 40 
present invention. The electronic device protection cir- 
cuit 102 comprises a thermostat 70 instead of the ther- 
mal fuse 7 in the protection circuit of the first embodi- 
ment. The thermostat 70 is an electronic circuit device 
with a function that when the temperature of the ther- 45 
mostat 70 reaches higher than a interrupting threshold 
value by applying heal, the thermostat 70 interrupts the 
current, on the other hand, when the temperature drops 
to less than the interrupting threshold value, the thermo- 
stat 70 returns to a state that the current can flow there- so 
through. Therefore, by setting the interrupting tempera- 
ture of the thermostat 70 as high as the fusion temper- 
ature of the thermal fuse 7, the function as a protection 
circuit similar to that of the first embodiment can be im- 
plemented. In addition, when the temperatures of the 55 
thermostat 70 and the zener diode 5 drop to normal 
room temperature, for example, due to suspending the 
application of an overvoltage from outside, the thermo- 
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stat 70 is brought into original conduction again so by 
automatically returning the thermostat 70, an electronic 
device protection circuit 102 can be repeatedly used. 
[01 51 ] As the thermostat 70, for example, bimetal (not 
shown) which is designed that an electrical contact is 
placed at the end of two metal sheets with different ther- 
mal expansion coefficients laminated together in order , 
to establish connection/disconnection between the 
electrical contact and a electrical contact at a fixed side 
depending on the temperature change is preferable be- 
cause it can implement the function described above in 
a simple configuration. For example, in the case of the 
experiment described in the first embodiment, the inter- 
rupting threshold temperature of the thermostat 70 may 
be set to between 70°C and 90°C. 
[0152] Further, in the case of the circuit configuration 
and the substantial configuration as described in the 
second embodiment that the posistor 3 is arranged 
close Lo the thermal ruse 7, in an electronic device pro- 
tection circuit 103 shown in Fig. 22, the thermostat 70 
can be used instead of the thermal fuse 7. 

[Forth Embodiment] 

[0153] Fig. 23 shows a schematic circuit diagram of 
an electronic device protection circuit 104 according to 
a forth embodiment of the present invention. The elec- 
tronic device protection circuit 1 04 comprises a thermal 
fuse of which the fusion temperature is higher (herein- 
after referred to as high thermal fuse) placed between 
the posistor 3 and the zener diode 5 in the electronic 
device protection circuit 1 00 of the first embodiment. Ex- 
cept for this, the configuration is the same as that of the 
first embodiment. 

[0154] In an electronic device protection circuit 104, 
when an overvoltage is applied, the zener diode 5 and 
the posistor 3 generate heat to carry out the fusion of 
the thermal fuse 7 placed between the anode side ex- 
ternal connection terminal 13 and the anode of the bat- 
tery/cell 9. The foregoing functions are the same as that 
of the first embodiment. Thus, even after the fusion of 
the thermal fuse 7, a current less than the detection cur- 
rent value of the posistor 3 continuously flows through 
the posistor 3, the zener diode 5 and a high thermal fuse 
79. The current value at this time differs depending on 
the temperature and the heat radiation of the posistor 3, 
for example, in the same condition as that of the first 
embodiment, the current value is approximately be- 
tween 20 mA and 1 00 mA. Thus, as the current contin- 
uously flows even after the fusion of the thermal fuse 7, 
the posistor 3 and the zener diode 5 continuously gen- 
erate heat, resulting in the high thermal fuse 79 being 
further heated, and then the temperature of the high 
thermal fuse 79 reaches the fusion temperature, there- 
by, the fusion occurs. When an overvoltage is applied, 
at first, the fusion of the thermal fuse 7 connected to the 
battery/cell 9 occurs. Then, when the overvoltage is con- 
tinuously applied, the fusion of the high thermal fuse 79 



15 




29 

occurs. Thereby, the overvoltage can be reliably pre- 
vented from being applied to the battery/cell 9, and the 
fusion of the high thermal fuse 79 completely interrupts 
the current flow through the posistor 3 and the zener 
diode 5 even after the fusion of the thermal fuse 7, so 
the posistor 3, zener diode 5 and the battery/cell 9 can 
be more reliably prevented from being degraded or 
damaged due to overheating. 

[0155] Further, in the case of the circuit configuration 
and the substantial configuration as described in the 
second embodiment that the posistor 3 is arranged 
close to the thermal fuse 7, as in an electronic device 
protection circuit 105 shown in Fig, 24, the high thermal 
fuse 79 can be placed between the zener diode 5 and 
the posistor 3 to completely interrupt the current flow 
through the posistor 3 and the zener diode 5 in the same 
manner of the above operations. 

[0156] Still further, instead of the thermal fuse 7, a 
thermostat of which the interrupting threshold tempera- 
ture is set to be equal to that of the thermal fuse 7 and, 
instead of the high thermal fuse 79, a high temperature 
thermostat of which the interrupting threshold tempera- 
ture is set to be equal to that of the high thermal fuse 79 
may be used. Thereby, the thermostat or the high tem- 
perature thermostat can automatically return to repeat- 
edly use. 

[Fifth Embodiment] 

[01 57] Fig. 25 schematically shows the inside of a lith- 
ium-ion secondary battery containing a typical overvolt- 
age charge protection circuit having an IC for control, a 
field-effect transistor and so on (not shown) together 
with the electronic device protection circuit as described 
in each of the above embodiments. By using an over- 
voltage charge protection circuit 110 together with the 
electronic device protection circuit 1 00, a higher level of 
safety can be achieved for preventing the battery/cell 9 
from being damaged or degraded resulting from the ap- 
plication of an overvoltage to the lithium-ion secondary 
battery 1 . For example, even if a malfunction in the ov- 
ervoltage charge protection circuit 110 occurs due to an 
accidental breakdown such as electrostatic discharge 
destruction or damage of the circuit, the electronic de- 
vice protection circuit 100 can reliably protect the bat- 
tery/cell 9 from the application of the overvoltage. 
[0158] It is obvious that electronic devices which can 
be protected by the application of the electronic device 
protection circuit according to the present invention are 
not limited to the battery/cell described in each of the 
above embodiments. The electronic device protection 
circuit is applicable for other electronic devices such as 
semiconductor integrated circuit and liquid crystal dis- 
play device to which a voltage for drive, etc. is supplied 
from a power source. 



[Second Invention] 
[Sixth Embodiment] 

5 [0159] Fig. 26 shows a schematic circuit diagram of 
an electronic device protection circuit 300 according to 
a sixth embodiment of the present invention. The elec- 
tronic device protection circuit 300 comprises a zener 
diode 201 connected in parallel to a secondary battery 

10 protection integrated circuit (IC) 400, and a posistor 203 
connected in series to the zener diode 201 as its main 
parts, which are mounted in, for example, the battery 
pack of a lithium-ion secondary battery. Thereby, when 
an excessive voltage is externally applied such as while 

15 charging the lithium-ion secondary battery, the second- 
ary battery protection IC 400 is prevented from being 
damaged or degraded due to the application of the ex- 
cessive voltage. 

[01 60] More specifically, the posistor 203 has charac- 

20 teristics that the electrical resistance increases in re- 
sponse to an increase in current, and when its temper- 
ature exceeds the detection temperature or current flow 
therethrough exceeds its rated current, the electrical re- 
sistance more steeply increases. The rated current is 

25 set to less than the maximum allowable current of the 
zener diode 201 . An end of the posistor 203 is connect- 
ed to a cathode side external connection terminal 207 
and the cathode of a secondary battery/cell 205, and the 
other end is connected to an end (cathode side) of the 

30 zener diode 201 . The electrical resistance of the posis- 
tor 203 under normal condition is generally approxi- 
mately 1 £2 to 1000 Q., though it is obvious that the re- 
sistance is preferably set to the amount which may not 
cause any trouble in the voltage detection function of 

35 the secondary battery protection IC 400 when a voltage 
less than the rated maximum voltage is applied. 
[0161] The zener diode 201 has characteristics that 
when a voltage less than its breakdown voltage is ap- 
plied, little or no current flows therethrough, but the ap- 

40 plication of a voltage greater than the breakdown volt- 
age results in steep increase in current flow there- 
through. The breakdown voltage is set to greater than 
the rated voltage of the secondary battery protection 
IC400. An end (cathode side) of the zener diode 201 is 

45 connected to a cathode side connection terminal 401 of 
the secondary battery protection IC 400 and an end of 
the posistor 203, while the other end (anode side) of the 
zener diode 201 is connected to an anode side connec- 
tion terminals 407 and 409 via field effect transistors 403 

50 and 405, and to an anode side external connection ter- 
minal 209. 

[0162] The zener diode 201 is, therefore, connected 
in parallel to the secondary battery protection IC 400, 
and in series to the posistor 203. The zener diode 201 
55 is mounted in order to be capable of carrying out good 
thermal conduction with the posistor 203 (details of 
mounting forms and configurations will be described 
hereinafter). 
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[01 63] The secondary battery/cell 205 is a recharge- • 
able secondary battery such as a lithium-ion secondary 
battery, and the cathode thereof is connected to a cath- 
ode side external connection terminal 207 and an end 
of the posistor 203, while the anode thereof is connected 
to an anode side terminal 41 1 of the secondary battery 
protection IC 400 via the field effect transistors 403 and 
405,and the anode side external connection terminal 
209, and an anode side terminal 410 of the secondary 
battery protection IC 400. The secondary battery/cell 
205 is, therefore, connected in parallel to an electronic 
device protection circuit 300 formed of the posistor 203 - 
and the zener diode 201 which are connected in series, 
[0164] The secondary battery protection IC 400 de- 
tects a voltage applied to the cathode side external con- 
nection terminal 207 through the posistor 203, and, 
based on the detected voltage, detects that the second- 
ary battery/cell 205 is charged with an excessive voltage 
or that the secondary battery/cell 205 discharges und- 
ervoltage, so that the secondary battery protection IC 
400 functions to be capable of inhibiting such conditions. 
The secondary battery protection IC 400 comprises two 
field effect transistors 403 and 405. When it is detected 
that the secondary battcry/cell 205 is discharging und- 
ervoltage, the field effect transistor 403 is controlled by 
the secondary battery protection IC 400 to turn its gate 
off for interrupting a current discharged from the sec- 
ondary battery/cell 205. On the other hand, when it is 
detected that an excessive voltage is applied to the sec- 
ondary battery/cell 205, the field effect transistor 405 is 
controlled to turn its gate off for interrupting a current 
charged to the secondary battery/cell 205. The second- 
• ary battery protection IC 400 is connected in parallel to 
the zener diode 201 which is connected in series to the 
posistor 203. In other words, the secondary battery pro- 
tection IC 400 is connected in series to the posistor 203. 
[0165] In the electronic device protection circuit 300, 
as described above, the zener diode 201 is connected 
in parallel to the secondary battery protection IC 400, 
and the posistor 203 is connected in series to the zener 
diode 201 and the secondary battery protection IC 400. 
Therefore, when a voltage applied to the cathode side 
external connection terminal 207 and the anode side ex- 
ternal connection terminal 209 is less than the rated volt- 
age of the secondary battery protection IC 400, a volt- 
age applied to the zener diode 201 is less than its break- 
down voltage so thai the zener diode 201 is virtually 
brought out of conduction, thereby, a current resulting 
from the application of voltage from outside does not 
flow through the zener diode 201 . Moreover, as the cur- 
rent at this time is less than the rated current of the po- 
sistor 203, the posistor 203 continuously maintains rel- 
atively low electrical resistance under normal condition, 
so that there is no trouble in the voltage detection func- 
tion of the secondary battery protection IC 400. Thus, 
as long as a voltage externally applied is less than the 
rated voltage, the secondary battery protection IC 400 
can detect the applied voltage via the posistor 203 so 



as to carry out normal functions without any trouble. 
[01 66] When a voltage applied to the cathode side ex- 
ternal connection terminal 207 and the anode side ex- 
ternal connection terminal 209 is greater than the rated 
5 voltage of the secondary battery protection IC 400, the 
voltage applied to the zener diode 201 , even though a 
voltage drop in the posistor 203 is subtracted therefrom, 
is greater than its breakdown voltage, so that the zener 
diode 201 is brought into conduction, thereby, a large 
10 current resulting from the application of the excessive 
voltage is bypassed not to the secondary battery pro- 
tection IC 400 but to the zener diode 201 . Also, due to 
— the characteristics of the zener diode 201, even if the 
voltage externally applied further increases, the voltage 
15 between the terminals of the zener diode 201 is locked 
on at the value of the breakdown voltage, so the voltage 
between the terminals of the secondary battery protec- 
tion IC 400 which is connected in parallel to the zener 
diode 201 is locked on at the value of the breakdown 
20 voltage of the zener diode 201 . Thus, when the voltage 
externally applied is an excessive voltage greater than 
the rated voltage, the zener diode 201 is brought into 
conduction to bypass the large current from the posistor 
203 not to the secondary battery protection IC 400 but 
25 to the zener diode 201 , and to reduce the voltage ap- 
plied to the secondary battery protection IC 400 to the 
value of the breakdown voltage of the zener diode 201 , 
so that the secondary battery protection IC 400 can be 
prevented from being damaged or degraded due to the 
30 application of the excessive voltage. 

[0167] Further, when a large current continuously 
flows through the zener diode 201 due to continuation 
of the application of the excessive voltage, or a higher 
voltage is applied, the zener diode 201 generates heat. 
35 |f such state continues for a long time, the zener diode 
201 is overheated to cause damage to or degradation 
in the zener diode 201 itself or the secondary battery 
protection IC 400 mounted in the periphery thereof. 
However, in the electronic device protection circuit 300, 
40 by the heat generated in the zener diode 201, the po- 
sistor 203 is heated so that its temperature reaches its 
detection temperature, resulting in a steep increase in 
the electrical resistance of the posistor 203, which there- 
by reduces the current flow, and consequently inhibits 
45 the large current flow through the zener diode 201 con- 
nected in series to the posistor 203. Thus, even if the 
excessive voltage is continuously applied, or a higher 
voltage is applied, the secondary battery protection IC 
400'can be prevented from being damaged or degraded 
50 and the zener diode 201 can be prevented from being 
overheated or damaged. 

[0168] Fig. 27 schematically shows the inside of the 
battery pack of the lithium-ion secondary battery con- 
taining the electronic device protection circuit 300 to- 
55 gether with a secondary battery/cell 205 and a second- 
ary battery protection IC 400. 

[0169] For example, in a thin box-shaped battery pack 
such as a lithium-ion secondary battery for -cellular 
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phone, on the surface of a package case 500 made of 
a insulating material such as plastic, the cathode side 
externalconnection terminal 207 and the anode side ex- 
ternal connection terminal 209 which are made of thin 
plates of copper alloy or stainless with excellent electri- 5 
cal conductivity and high wear resistance are provided. 
In the package case 500. the rechargeable and dis- 
chargeable secondary battery/cell 205, the secondary 
battery protection IC 400 and the electronic device pro- 
tection circuit 300 are contained. 10 
[0170] In the electronic device protection circuit 300, 
the zener diode 201 and the posistor 203 are covered 
with an electrical insulating coating 301 made of, for ex- 
ample, a flame-resistant insulating paper, polyester 
tape, thermosetting plastic or silicon adhesive. The 75 
coating 301 preferably has high thermal insulation, so 
that when the excessive voltage is applied, the thermal 
insulation of the coating 301 prevents the secondary 
battery/cell 205 and the secondary battery protection IC 
400 from being heated by the heat generated in the zen- 20 
er diode 201 and the posistor 203. Alternatively, a heat 
sink (not shown) may be attached to the electronic de- 
vice protection circuit 300, and be extended to the sur- 
face or outside of the package case 500 of the battery 
pack to radiate heat generated in the electronic device 25 
protection circuit 300. The electronic device protection 
circuit 300 united with the secondary battery protection 
IC 400 is covered with a casing 303, and is mounted 
between the cathode side external connection terminal 
207 and the anode side external connection terminal 30 
209, and the secondary battery/cell 205 as a unit. 
[0171] Fig. 28 shows an example of the substantial 
configuration in which the posistor 203 and the zener 
diode 201 are joined. 

[0172] The zener diode 201 is a semiconductor de- 35 
vice enclosed in an electrical insulating coating with ter- 
minals 211 and 215 on each side thereof. The anode 
side terminal 211 of the zener diode 201 is connected 
to an electrode terminal 21 3. The electrode terminal 21 3 
is further connected to the anode side external connec- 
tion terminal 209 via the wiring pattern of a mounted cir- 
cuit board which is not shown in Fig. 28, as well as to 
the secondary battery protection IC 400. For the con- 
nection of the electrode terminal 213 and the terminal 
21 1 , a low-melting-point metal with a melting point from 
1 80°C to 260°C such as an alloy containing lead and tin 
and an alloy containing silver and copper can be used. 
Also, for a material of the electrode terminal 213, a metal 
with relatively high melting point and a good machina- 
bility such as nickel, brass, iron-based alloy and copper- 
based alloy is suitable. The cathode side terminal 215 
of the zener diode 201 is joined with a metal plate 233. 
With the metal plate 233, the cathode side terminal 215 
of the zener diode 201 is connected to a terminal 231 of 
the posistor 203. For the connection, the above low- 
melting-point metal can be used. 

[0173] The posistor 203 has terminals 231 and 235 
mounted on each end thereof, and is slightly offset to 



the right in the drawing in contact with the top surface 
of the zener diode 201 , so as to well conduct heat gen- 
erated in the zener diode 201 thereto. The terminal 231 
is connected to the cathode side terminal 21 5 of the zen- 
er diode 201 via the metal plate 233 as described above, 
while the other terminal 235 is connected to the anode 
side external connection terminal 209 via the electrode 
terminal 237 which is bended into the form of the letter 
L and a wiring pattern, etc. which is not shown in Fig. 
28, as well as to the cathode of the secondary battery/ 
cell 205. For the connection of the terminal 231 of the 
posistor 203 and the metal plate 233, and the connec- 
tion of the other terminal 235 and L-shaped electrode 
terminal 237, for example, soldering is applicable. Alter- 
natively, it is obvious that an electrical resistance weld- 
ing method or ultrasonic welding method may be used 
to directly connect them. In order to prevent a short-cir- 
cuit between the L-shaped electrode terminal 237 and 
the melal plate 233 or the terminal 231 of the posistor 
203, an insulation film 238 is affixed between the top 
surface of the posistor 203 and the L-shaped electrode 
terminal 237. 

[0174] It is obvious that the above electrode terminal 
237 and the metal plate 233 are preferably made of strip- 
shaped metal plates. In order to further improve the ther- 
mal conductivity from the zener diode 201 to the posistor 
203, the width and thickness of the metal plate 233 is 
preferably wide and thick to some degree. For the same 
purpose as above, the area where the top surface of the 
zener diode 201 and the undersurface of the posistor 
203 are overlapped is preferably as wide as possible. 
[0175] According to such configuration, when a large 
current flows through, the posistor 203 generates heat, 
and the heat generated in the zener diode 201 is effec- 
tively conducted to the posistor 203, so that the electrical 
resistance of the posistor 203 reliably increases to pre- 
ventthe zener diode 201 from being overheated or dam- 
aged. Further, the configuration of the electric device 
protection circuit 300 can be prevented from being com- 
plicated. 

[01 76] Fig. 29 shows another example of the substan- 
tial configuration in which the posistor 203 and the zener 
diode 201 are connected. 

[0177] In the configuration, as the posistor 203 and 
the zener diode 201 are not stacked but placed almost 
in line, the cathode side terminal 217 of the zener diode 
201 is directly joined with a terminal 231 of the posistor 
203. The anode side terminal 211 of the zener diode 201 
is joined with the electrode terminal 213 like the config- 
uration shown in Fig. 28. The other terminal 235 of the 
posistor 203 is joined with a flat electrode terminal 239. 
[0178] In such configuration, as the heat generated in 
the zener diode 201 can be effectively conducted to the 
posistor 203 through the terminal 217, the electrical re- 
sistance of the posistor 203 can reliably increase to pre- 
vent the zener diode 201 from being overheated and 
damaged. Also, the configuration is so simple that the 
electronic device protection circuit 300 can be prevent- 
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ed from being complicated. 

[0179] Fig. 30 shows still another example of the sub- 
stantial configuration in which the posistor 203 and the 
zener diode 201 are connected. 

[01 80] On the top surfaces of the zener diode 201 and 5 
the posistor 203 through an electrical insulation plate 
241 , a thermal conduction plate 243 is placed. For the 
thermal conduction plate 243, a metal material with high 
thermal conductivity and a good machinability such as 
copper, brass, aluminum, nickel or silver is preferably io 
used. For the electrical insulation plate 241 , a thin plate 
made of, for example, polyethylene, polyimide or polya- 
mide. glass-fiber fabric, pulp nonwoven or an insulation 
paper is suitable. Each thickness of the coating of the 
zener diode 201 and the coating of the posistor 203 is '5 
preferably as thin as possible to such an extent as not 
to lose their electrical insulation and dynamical strength. 
[01 81 ] In such configuration, the heat generated in the 
zener diode 201 can be more effectively conducted lo 
the posistor 203 through the thermal conduction plate 20 
243, so that the zener diode 201 can be more reliably 
prevent from being overheated or damaged. 
[0182] It is obvious, but not shown in Fig. 28 to Fig. 
30, that a component connecting the cathode side ter- 
minal 215 of the zener diode 201 and the terminal 231 25 
of the posistor 203 like the metal plate 233 is also con- 
nected to the secondary battery protection IC 400 
through wiring, etc. 

[0183] Fig. 31 is a cross-sectional view of a further 
example of the substantial configuration in which the po- 30 
sistor 203 and the zener diode 201 are connected. 
[0184] In the configuration, a semiconductor device 
21 9 of the zener diode 201 and a temperature sensitive 
device 229 which are stacked with an intermediate elec- 
trode 245 with good thermal conductivity placed there- 35 
between, and electrodes 247 and 249 which are joined • 
on the top surface of the temperature sensitive device 
229 and the undersurface of the semiconductor device 
219, respectively, are covered with a coating 251 made 
of an electrical insulating material. The intermediate 40 
electrode 245 is connected to the secondary battery pro- 
tection IC 400 through wiring, etc. which is not shown. 
[01 85] In such configuration, the heat generated in the 
semiconductor device 219 can be the most effectively 
conducted to the temperature sensitive device 229 4 $ 
through the intermediate electrode 245, and further, the 
electronic device protection circuit 300 can be more 
compact and simpler. 

[0186] Fig. 52 is a plane view of a wiring pattern and 
an example of the packaging form in a case where the so 
zener diode and the posistor are mounted on the surface 
of a printed wiring board. 

[0187] As a mounting form (packaging style) of each . 
electronic component, the zener diode 201 and the po- 
sistor 203 are chip-type packages, and the secondary 55 
battery protection IC 400 is a dual inline flat package. 
All of them are designed for surface mounting. With a 
typical surface mount technology that soldering paste is 
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put on a connection pad placed in a predetermined lo- 
cation on a printed wiring board for a reflow process, the 
zener diode 201 and the posistor 203 are mounted on 
the surface of the printed wiring board. For the printed 
wiring board, for example, a glass cloth impregnated 
with a thermosetting resin , such as polyimide and epoxy, 
which has high heat resistance is suitable. 
[0188] An anode side terminal 253 of the zenerdiode 
201 is connected to the anode side external connection 
terminal 209 via a conductor 255 formed on the surface 
of the printed wiring board, and to a terminal 257 for the 
anode connection (connection pin) of the secondary 
battery protection IC 400. A cathode side terminal 259 
of the zener diode 201 is connected to a terminal 263 of 
the posistor 203 and a terminal 265 for the cathode con"~ 
nection of the secondary battery protection IC 400 via a 
conductor 261 . The other terminal 267 of the posistor 
203 is connected to the cathode side external connec- 
tion terminal 207 via a conductor 269. By the wide con- 
ductor 261, the zener diode 201 and the posistor 203 
are connected to have excellent thermal conductivity in 
between, so that the heat generated in the zener diode 
20 1 can be efficiently conducted to the posistor 203. For 
example, the temperature differential between them can 
be equal to or less than 1 0°C. 

[01 89] In order to secure the thermal conductivity, the 
thickness of the conductor 261 is preferably but not lim- 
ited to, for example, 35 jim or over. On the other hand, 
the conductor 255 which connects the anode side ter- 
minal 253 of the zener diode 201 and the terminal 257 
for the anode connection of the secondary battery pro- 
tection IC 400, and a conductor 271 which connects the 
wide conductor 261 and a terminal 265 for the cathode, 
connection are formed in narrow patterns, so that they 
can inhibit the heat generated in the zener diode 201 
and the posistor 203 from being conducted to the sec- 
ondary battery protection IC 400. 
[01 90] More specific functions of the electronic device 
protection circuit 300 according to the sixth embodiment 
will be described hereinafter. 

[0191] During a battery charge, if an overvoltage 
greater than the rated voltage of the secondary battery/ 
cell 205 is applied to the anode side external connection 
terminal 209 and the cathode side external connection 
terminal 207, the overvoltage is also applied to the cir- 
cuit formed of the zener diode 201 and the posistor 203 
which are connected in series. At this time, an increase 
in the electrical resistance of the posistor 203 does not 
occur yet and a voltage drop in the posistor 203 is small , 
so a voltage exceeding the breakdown voltage is ap- 
plied to the zener diode 201 . Thereby, the zener diode 
201 is substantially brought into a state to conduct a 
large current flow therethrough, and consequently gen- 
erates heat. As the heat is efficiently conducted to the 
posistor 203 by either of the configurations shown in Fig. 
28 through Fig. 31 , the posistor 203 is heated to cause 
a rise in its temperature. When its temperature rises to 
higher than the detection temperature, the electrical re- 
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sistance of the posistor 203 steeply increases to inhibit 
the current flow through the posistor 203 and the zener 
diode 201. At this time, by the voltage drop resulting 
from the increase in the electrical resistance of the po- 
sistor 203 and a lock-on operation of the voltage be- 
tween the terminals of the zener diode 201 , the voltage 
between the terminals of the secondary battery protec- 
tion IC 400 connected in parallel to the zener diode 201 
is kept at around the level of the breakdown voltage of 
the zener diode 201 . Thus, even though the overvoltage 
is applied, damage to or degradation in the secondary 
battery protection IC 400 as well as overheating of or 
damage to the electronic device protection circuit 300 
can be prevented. 

[0192] Fig. 32 shows the result of an experiment in a 
case where a voltage of 25 V is applied to the electronic 
device protection circuit according to the sixth embodi- 
ment. 

[0193] in this experiment, the electronic device pro- 
tection circuit 300 as shown in Fig. 29 was used. In the 
specifications of the posistor 203, the initial resistance 
was 220 LI and the detection temperature was 120°C. 
In the specifications of the zener diode 201 , the break- 
down voltage was 21 V, the maximum power rating was 
200 mW and the maximum allowable temperature was 
1 50 °C. The ambient temperature during the experiment 
was approximately 25°C. The voltage outputted from a 
DC power source was 25 V and the maximum current 
was 1 A. In the graph shown in Fig. 32, the horizontal 
axis indicates elapsed time from the start of the appli- 
cation of voltage., the vertical axis on the left indicates 
each voltage applied to the zener diode 201 and the po- 
sistor 203, and the vertical axis on the right indicates 
current flow through the posistor 203 and the zener di- 
ode 201 which are main parts of the electronic device 
protection circuit 300 in ampere [A]. 
[0194] At the instant following the connection of the 
DC power source, the voltage between the terminals of 
the posistor 203 became approximately 4 V, and the 
voltage between the terminals of the zener diode 201 
was approximately 21 V. As the voltage of approximately 
21 V which was greater than the breakdown voltage was 
applied, the zener diode 201 was brought into conduc- 
tion, so a current of approximately 20 mAflew through 
the zener diode 201 and the posistor 203. By the flow 
of the current of approximately 20 mA resulting from the 
application of the voltage of 21 V, the zener diode 201 
generated heat with a power of approximately 420 mW, 
which was conducted to the posistor-203 and caused a 
rise in its temperature. Also, the posistor 203 itself gen- 
erated heat with a power of approximately 80 mW (=4 
V:<20 mA). 

[0195] If such condition had continued, for example, 
for a few minutes, the zener diode 201 would have been 
overheated due to the heat generated therein and the 
heat generated in the posistor 203, so that the zener 
diode 201 might have been degraded or damaged. 
However, in the electronic device protection circuit 300, 



approximately 10 seconds after starting the application 
of the overvoltage of 25 V s the posistor 203 was heated 
by the heat generated in the zener diode 201 and the 
posistor 203 itself to reach higher than the detection 
5 temperature of 120°C.Then, as the electrical resistance 
of the posistor 203 steeply increased to approximately 
400 a, the current flow through the posistor 203 and the 
zener diode 201 could be reduced to approximately 10 
mA to 1 2 mA which was approximately half of the earlier 
10 current. After that, even though the overvoltage (25 V) 
was continuously applied, the current could be held ap- 
proximately at 10 mA to 12 mA. Therefore, the zener 
diode 201 and the posistor 203 could be prevented from 
being degraded or damaged due to overheating. 
15 [0196] For comparison, when the same experiment 
as above was carried out with a fixed resistor instead of 
the posistor 203, it was verified that heat of 400 mW 
which was much greater than the maximum power rat- 
ing of 200 mW continuously generated so as lo overheat 
20 the zener diode 201 , which was consequently damaged. 
[0197] Fig. 33 shows a result of an experiment in a 
case where a larger voltage of 35 V is applied to the 
electronic device protection circuit 300 according to the 
sixth embodiment. The conditions of this experiment 
25 were the same as that of the above experiment, except 
t or using a DC power source with output characteristics 
of 35 V and 1 A. 

[0198] Just after the DC power source was connect- 
ed, the voltage between both of the terminals of the po- 
30 sistor 203 became approximately 1 4 V, while the voltage 
between both of the terminals of the zener diode 201 
became approximately 21 V. Thus, as the voltage of ap- 
proximately 21 V which was greater than the breakdown 
voltage was applied, the zener diode 201 was brought 

35 into conduction to let a current of approximately 60 mA 
flow therethrough and the current also flew through the 
posistor 203. By the current of approximately 60 mA re- 
sulting from the application of the voltage of 21 V, the 
zener diode 201 generated heat with a power of approx- 

40 imately 1 260 mW, which was applied to the posistor203, 
resulting in a rise in its temperature. Also, the posistor 
203 itself generated heat with a power of approximately 
840 mW by the current therethrough. Approximately 5 
to 10 seconds after starting the application of such ex- 

45 tremely excessive voltage as 35 V, the posistor 203 was 
rapidly heated by the heat generated in the zener diode 
201 and the posistor 203 so that the temperature of the 
posistor 203 reached higher than the detection temper- 
ature of 120°C. Consequently the electrical resistance 

so of the posistor 203 steeply increased to approximately 
1 700 Q, so that the current flow through the posistor 203 
and the zener diode 201 could be reduced to 8 mA to 9 
mA which was less than approximately one-sixth of the 
earlier current. After that, despite the continuous appli- 

55 cation of the overvoltage (25 V), the current could be 
held at around 8 mA to 9 mA. 

[0199] Thus, when further excessive voltage was ap- 
plied, the current flow through the zener diode 201 and 
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the posistor 203 could be reduced more effectively and 
rapidly (in a short time). 

[0200] For comparison, Fig. 34 shows the result of an 
experiment in a case where a fixed resistor with 220 Q. 
and the maximum rating allowable power of 250 mW is 
used instead of the posistor. Just after the DC power 
source was connected, the voltage between the termi- 
nals of the fixed resistor was approximately 12.5 V, and 
the voltage between the terminals of the zener diode 
201 was 22.5 V, so that the zener diode 201 was brought 
into conduction to let a current of approximately 60 mA 
flow therethrough, and the current flew through the fixed 
resistor. At that time, the zener diode 201 generated 
heat with a power of approximately 1300 mW to cause 
a rapid rise in its temperature. Also, the heat generated 
in the zener diode 201 was conducted to its periphery. 
Approximately 8 seconds after starting the application 
of the overvoltage, the zener diode 201 was overheated 
lo higher than the maximum allowable temperature of 
150°C, resulting in the damage (or destruction) of the 
zener diode 201 . The voltage between the terminals of 
the damaged zener diode 201 was declined to approx- 
imately 7 V, though the current flow therethrough be- 
came a larger current of approximately 130 mA. It was 
considered that a short-circuit occurred in the zener di- 
ode 201 soon after the zener diode 201 had been dam- 
aged. Further, after a lapse of approximately 3 seconds 
from then, the inside of the zener diode 201 was fatally 
burnt out to become open. At that time, the inside of the 
zener diode 201 was overheated to the extent of burning 
out the zener diode 201 , so it was apparent that the tem- 
perature of its periphery became very high. Thus, it was 
confirmed that when the fixed resistor was used instead 
of the posistor 203, the zener diode 201 was overheat- 
ed, and consequently the zener diode 201 itself and cir- 
cuit devices, the secondary battery protection IC 400 
and so on mounted in its periphery were damaged. 
[0201] Fig. 35 shows the result of an experiment in a 
case where a voltage of 20 V is applied to the electronic 
device protection circuit 300 according to the sixth em- 
bodiment. - 

[0202] In this experiment, the electronic device pro- 
tection circuit 300 as shown in Fig. 29 was used. In the 
specifications of the posistor 203, the initial resistance 
at 25° C was 220 Q and the detection temperature was 
1 20°C. In the specifications of the zener diode 201 , the 
breakdown voltage was 6 V, the maximum power rating 
was 200 mW, and the maximum allowable temperature 
was 150°C. The ambient temperature during the exper- 
iment was approximately 25°C. The voltage outputted 
from a DC power source was 20 V and the maximum 
current was 1 A. 

[0203] Just after the DC power source was connect- 
ed, the voltage between the terminals of the posistor203 
was approximately 14 V, and the voltage between the 
terminals of the zener diode 1 was approximately 6 V. 
As a voltage greater than the breakdown voltage of 6 V 
was applied, the zener diode 201 was brought into con- 



duction so that a current of approximately 63 mA flew 
through the posistor 203 and the zener diode 201 . As 
the current of approximately 63 mA flew through due to 
the voltage of 6 V, the zener diode 201 generated heat 

5 with a power of approximately 380 mW, which was ap- 
plied to the posistor 203, resulting in a rise in tempera- 
ture. Also, the "posistor 203 itself generated heat with a. 
power of approximately 880 mW. . 
[0204] The posistor 203 was heated by heat generat- 

10 ed in the zener diode 201 and the posistor 203 itself, so 
the temperature of the posistor 203 reached over 1 20°C 
approximately 1 6 seconds after starting the application 
of the overvoltage. Thereby, the electrical resistance of 
the posistor 203 steeply increased to approximately 

15 11 00 H so as to reduce the current to approximately 1 2 
mA, which was one-fifth of the earlier current. After that, 
even though the overvoltage (for example, 20 V) was 
continuously applied, the current was stably held at ap- 
proximately 1 2 mA. Therefore, the zener diode 201 and 

20 the posistor 203 could be prevented from being degrad- 
ed or damaged resulting from overheating. 
[0205] For comparison, when the same experiment 
as above was carried out with a fixed resistor with an 
electrical resistance of 220 Q. and the maximum power 

25 rating of 250 mW instead of the posistor 203, it was con- 
firmed that heat was continuously generated in the zen- 
er diode 201 and the fixed resistor and caused overheat- 
ing therein, which consequently resulted in damage. 

30 [Seventh Embodiment] 

[0206] Fig. 36 shows a schematic circuit diagram of 
the electronic device protection circuit mounted in a lith- 
ium-ion secondary battery containing a communications 
35 |C to protect the communications IC from overvoltage 
and overcurrent. 

[0207] In a seventh embodiment, instead of the sec- 
ondary battery protection IC 400 in the lithium-ion bat- 
tery of the sixth embodiment, the communications IC 

40 600 is provided. The communications IC 600 has a func- 
tion for communicating various data such as the type or 
identifying information as a battery pack of the lithium- 
ion battery, or the voltage or remaining battery capacity 
of the secondary battery/cell 205 to the main body (not 

45 shown) in which the lithium-ion battery is mounted. As 
the communications means, either of radio or cable 
communications means may be adaptable. A commu- 
nications terminal 273 for such communications with the 
outside is provided to be exposed to the surface of the 

so lithium-ion battery. 

[0208] An electronic device protection circuit 310 is 
connected to the communications IC 600 in almost the 
same manner of the sixth embodiment, that is : the zener 
diode 201 is connected in parallel to the communica- 

55 tions IC 600, and the posistor 203 is connected in series 
to the zener diode 201 . Except for this, the configuration 
is the same as that of the sixth embodiment. However, 
it is obvious that the breakdown voltage of the zener di- 



21 



41 



EP 1 189 325 A2 



42 



ode 201 and the detection temperature of the posistor 
203 are set to appropriate values corresponding to the 
rated voltage and the maximum allowable temperature 
of the communications IC 600. 

[0209] In such configuration of the electronic device 
protection circuit 310 according to the seventh embod- 
iment, for example, when the voltage applied to the cath- 
ode side external connection terminal 207 and the an- 
ode side external connection terminal 209 is less than 
the rated voltage of the communications IC 600 during 
the charge of the secondary battery/cell 205, the voltage 
applied to the zener diode 201 is less than the break- 
down voltage, so the zener diode 201 is substantially 
brought out of conduction. Thereby, a current resulting 
from the application of the voltage from outside does not 
flow through the zener diode 201 . Also, the current at 
this time is less than the rated current of the posistor 
203 , so the posistor 203 continuously maintains relative- 
ly low electrical resistance under normal condilion, 
which thereby does not cause any trouble in the com- 
munications capabilities, etc. of the communications IC 
600 resulting from the voltage drop in the posistor 203. 
Thus, when the voltage applied from outside is equal to 
or less than the rated voltage, the communications IC 
600 can function as usual without any trouble. 
[0210] Further, when the voltage applied to the cath- 
ode side external connection terminal 207 and the an- 
ode side external connection terminal 209 is greater 
than the rated voltage of the communications IC 600, a 
voltage applied to the zener diode 201 determined by 
the subtraction of the voltage drop in the posistor 203 is 
greater than its breakdown voltage, so the zener diode 
201 is substantially brought into conduction. Therefore, 
a large current resulting from the application of the ov- 
ervoltage is bypassed not to the communications IC 600 
but to the zener diode 201 . Also, as the characteristics 
of the zener diode 201 , even if the voltage applied from 
outside further increases, the voltage between the ter- 
minals of the zener diode 201 is locked on to the value 
of the breakdown voltage, so that the voltage between 
the terminals of the communications IC 600 connected 
in parallel to the zener diode 201 does not exceed the 
value of the breakdown voltage. Thus, when the voltage 
applied from outside is an overvoltage which exceeds 
the rated voltage, the zener diode 201 is brought into 
conduction to bypass the large current from the posistor 
203 not to the communications IC 600 but to the zener 
diode 201 , and to reduce the voltage applied to the com- 
munications IC 600 to around the value of the break- 
down voltage of the zener diode 201 , so that the com- 
munications IC 600 can be prevented from being dam- 
aged or degraded resulting from the application of the 
overvoltage. 

[021 1 ] Alternatively, on setting the lithium-ion second- 
ary battery in the main body of an electronic apparatus, 
if an unplanned large current flows from the secondary 
battery/cell 205, or a pulse-wave like excessive voltage 
is applied to the cathode side external connection ter- 



minal 207 and the anode side external connection ter- 
minal 209, the electronic device protection circuit 310 
can function as above to prevent the communications 
IC 600 from being damaged or degraded. 

5 [0212] Moreover, when a large current continuously 
flows due to the continuous application of the overvolt- 
age, or a higher voltage is applied, the zener diode 201 
generates heat, which is applied to the posistor 203. 
When the temperature of the posistor 203 reaches its 

io detection temperature, the posistor 203 itself generates 
heat, which causes a steep increase in the electrical re- 
sistance of the posistor 203 to inhibit the current flow 
therethrough as well as to inhibit the large current flow 
through the zener diode 201 which is connected in se- 

*s ries thereto: Thus, even if the overvoltage is continuous- 
ly applied or a higher voltage is applied, overheating of 
the zener diode 201 can be prevented, and consequent- 
ly damage of the zener diode 201 resulting from the 
overheating, or overheating of or degradation to the 

20 communications IC 600 can be prevented. Electronic 
devices such as the communications IC 600 especially 
tend to be damaged by overvoltage or overcurrent, so 
it is suitable to use the electronic device protection cir- 
cuit 310 for preventing such damage. However, it is not 

25 limited to such purpose. 

[Eighth Embodiment] 

[0213] Fig. 37 shows a schematic circuit diagram of 
30 the electronic device protection circuit mounted in a lith- 
ium-ion secondary battery containing the communica- 
tions IC and the secondary battery protection IC to pro- 
tect the communications IC from overvoltage and over- 
current. 

35 [0214] In the lithium-ion secondary battery of an 
eighth embodiment, the secondary battery protection IC 
400 is also provided in the lithium-ion secondary battery 
of the seventh embodiment as shown in Fig. 36. More 
specifically, the secondary battery protection IC 400 is 

40 connected in parallel to the secondary battery/cell 205. 
An electronic device protection circuit 320 is connected 
to the communications IC 600 in the same way as the 
seventh embodiment. In other words, the secondary 
battery protection IC400, the secondary battery/cell 205 

45 and the electronic device protection circuit 320 are con- 
nected in parallel one another. The electronic device 
protection circuit 320 mounted in the lithium-ion second- 
ary battery in such configuration can also protect the 
communications IC 600 from overvoltage or overcur- 

50 rent, and can prevent the electronic device protection 
circuit 320 itself from being overheated or damaged. In 
parallel with this, the secondary battery protection IC 
400 can prevent the application of overvoltage to the 
secondary battery/cell 205 or the leakage of discharge 

55 current in a condition of undervoltage of the secondary 
battery/cell 205. 
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[Ninth Embodiment] 

[0215] Fig. 38 shows a schematic. circuit diagram of 
the electronic device protection circuit according to the 
sixth embodiment as shown in Fig. 26 which further con- 5 
tains a capacitor. In the electronic device protection cir- 
cuit 330 of a ninth embodiment, a capacitor 221 is con- 
nected in parallel to the zener diode 201 . When an ov- 
ervoltage is externally applied to the cathode side ex- 
ternal connection terminal 207 and anode side external 10 
connection terminal 209, by providing the capacitor 221 , 
the crest value of a voltage (voltage waveform peak) at 
the instant of the application of the overvoltage can be- 
come smaller. 

[0216] In other words, in general, it is substantially im- 1$ 
possible to make a delay in response (delay time) for - 
the application of the voltage to the zener diode 201 ab- 
solute zero, so the delay time unavoidably exists from 
the application of the overvoltage to the lime when the 
zener diode 201 is broken down and brought into con- 20 
duction. The delay time is generally 10 ns in minimum 
or over. Therefore, in 100 ns from the instant when the 
overvoltage is externally applied, the zener diode 201 
does not fully respond, so the overvoltage may be ap- 
plied to an electronic device such as the secondary bat- 25 
tery protection IC 400, or a pulse of extremely high crest 
value of the voltage may be instantaneously applied just 
after starting the application of the voltage. Alternatively, 
in some reason, an overvoltage resulting from static 
electricity is applied to the cathode side external con- 30 
nection terminal 207 and the anode side external con- 
nection terminal 209 : the overvoltage as a voltage pulse 
of the crest value which rises to the extremely high volt- 
age may be applied to the secondary battery protection 
IC 400. However, when such instantaneous overvoltage 35 
of less than 100 ns which the zener diode 201 cannot 
fully respond is applied, the instantaneous overvoltage 
can be absorbed by the capacitor 221. Moreover, the 
capacitor 221 is connected in parallel to the zener diode 
201 and the secondary battery protection IC 400, there- 40 
by, except for the case where an overvoltage is instan- 
taneously applied, for example, when a DC rated charge 
voltage is applied during the charge of the secondary 
battery/cell 205, thecapacitor221 hardly everfunctions. 
Therefore, the addition of the capacitor 221 does not 45 
cause any trouble with the zener diode 201 and the sec- 
ondary battery protection IC 400. 

[0217] The capacitor 221 of this kind, for example, if 
the secondary battery/cell 205 is nonaqueous lithium- 
ion secondary battery/cell of 4.2 V, requires a capaci- so 
tance of approximately 6000 pF or over. However, it is 
obvious that the capacitance of the capacitor 221 is not 
limited to this range. The capacitance is preferably set 
corresponding to the specifications of the main circuit of 
an electronic apparatus using the lithium-ion secondary 55 
battery containing an electronic device to be protected 
or the electronic device protection circuit 330, as appro- 
priate. 
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[0218] Fig. 41 A and Fig. 41 B show the results of 
measuring the progression of the voltage between the 
terminals of the zener diode from the time just after ap- 
plying an overvoltage of 30 V to the time that the voltage 
is brought into a stable condition in a case where no ca- 
pacitor is provided (Fig. 41A) and in a case where the 
capacitor is provided (Fig. 41 B). In Fig. 41 A and Fig. 
41 B : the horizontal axis indicates time in ns and the ver- 
tical axis indicates the voltage between the terminals of 
the zener diode 201 in V. The zener diode 201 which 
was used in this experiment had the breakdown voltage 
of 6.3 V, the maximum power rating of 200 mW and the 
maximum allowable temperature of 1 50°C. The posistor 
203 had the initial resistance of 220 Q at 25°C and the 
detection temperature of 120 °C. 

[0219] in the electronic device protection circuit 300 
without the capacitor 221 shown in Fig. 26, as shown in 
Fig. 41 A, 20 ns just after connecting a DC power source 
of 30 V with the maximum current of 1 A, the voltage 
between the terminals of the zener diode 201 steeply 
increased to approximately 6.7 V. The voltage of 6.7 V 
was a crest value of the voltage which was instantane- 
ously projected. 200 ns after connecting the DC power 
source, the voltage between the terminals of the zener 
diode 201 became stable at approximately 6.3 V. Thus, 
just after starting the application of the overvoltage, the 
crest value of the voltage which was instantaneously 
projected occurred, and such high voltage might be ap- 
plied to electronic devices such the secondary battery 
protection IC 400 and the communications IC 600 which 
were connected in parallel to the zener diode 201. If 
such high voltage had been instantaneously applied, an 
overcurrent might have flew through the electronic de- 
vices such as the communications IC 600, resulting in 
damage of the electronic devices. When the wiring of a 
power source circuit had been long and its inductance 
had been large, there would have been a higher possi- 
bility that a higher voltage was instantaneously devel- 
oped, which led a higher possibility that the electronic 
devices were damaged. 

[0220] In such case, for example, by using the elec- 
tronic device protection circuit 330 with the capacitor 
221 as shown in Fig. 38, an instantaneous high voltage 
can be absorbed immediately to protect the electronic 
devices such as the secondary battery protection IC 400 
from being damaged. In practice, when an experiment 
was carried out with the same condition as above except 
that the capacitor 221 was attached, as shown in Fig. 
41 B : 220 ns after connecting the DC power source, the 
voltage between the terminals of the zener diode 201 
gently rose compared with in the case of Fig. 41 A, and 
the voltage was 6.5 V at the maximum, and from 500 
ns, became stable at approximately 6.3 V. Thus, by add- 
ing the capacitor 221 , the occurrence of a projected 
crest value of the voltage just after the application of the 
overvoltage could be prevented. Moreover, by using the 
capacitor 221 with a larger capacitance, a rapid change 
in the voltage or the occurrence of the projected crest 
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value of the volt? - * j-jst after the application of the ov- 
ervoltage can be ore effectively prevented. In addition 
to the above absorption purpose, for example, when an 
extremely high voltage resulting from static electricity is 
instantaneously applied, such function of the capacitor 
221 as described above may be applicable for absorb- 
ing the high voltage. 

[Tenth Embodiment] 

[0221] Fig. 39 shows a schematic circuit diagram of 
the electronic device protection circuit according to the 
seventh embodiment as shown in Fig. 36 which further 
contains a capacitor. In an electronic device protection 
circuit 340 for protecting the communications IC 600 as 
shown in Fig. 39, in the same manner of the ninth em- 
bodiment, the capacitor 221 is connected in parallel to 
the zener diode 201, so that when the overvoltage is 
externally applied to the cathode side external connec- 
tion terminal 207 and the anode side external connec- 
tion terminal 209, a crest value of the voltage which is 
instantaneously projected at the instant when the over- 
voltage is applied can be prevented from being applied 
to the communications IC 600. 

[Eleventh Embodiment] 

[0222] Fig. 40 shows a schematic circuit diagram of 
the electronic device protection circuit according to the 
eighth embodiment as shown in Fig. 37 which further 
contains a capacitor. In other words, an electronic de- 
vice protection circuit 350 of a eleventh embodiment 
comprises the electronic device protection circuit 320 
used forthe lithium-ion secondary battery containing the 
secondary battery protection IC 400 and the communi- 
cations IC 600 as shown in Fig. 37 with the capacitor 
221 which is connected in parallel to the zener diode 
201 . Due to such configuration, when the overvoltage is 
externally applied to the cathode side external connec- 
tion terminal 207 and the anode side external connec- 
tion terminal 209, a crest value of the voltage which is 
projected at the instant when the overvoltage is appJied 
can be prevented from being applied to the communi- 
cations IC 600. 

[Twelfth Embodiment] 

[0223] Fig. 42 shows a schematic circuit diagram of 
the electronic device protection circuit according to the 
sixth embodiment as shown in Fig. 26 containing a varis- 
tor instead of the zener diode. 

[0224] In an electronic device protection circuit 360 of 
a twelfth embodiment, except that the breakdown volt- 
age of the varistor 223 is set to the same value of that 
of the zener diode 201 , the setting and configuration is 
the same as that of the electronic device protection cir- 
cuit 300 of the sixth embodiment. By using the varistor 
223, in the same case of using the zener diode 201, 



overheating and damage of the secondary battery pro- 
tection IC 400 resulting from the overvoltage and over- 
current, as well as overheating and damage of the elec- 
tronic device protection circuit 360 itself can be prevent- 
5 ed. The volt-ampere curve of the varistor 223 is gener- 
ally gentler than that of the zener diode 201 . Moreover, 
the varistor 223, in the same manner of the above ca- 
pacitor 221 described in the ninth to eleventh embodi- 
ments, has a function of preventing or absorbing \\ e 
10 crest value of the voltage which is projected at the in- 
stant when the overvoltage is applied. Therefore, by us- 
ing the varistor 223 instead of the zener diode 201 , in 
addition to the function when using the zener diode 201 , 
it enables to prevent the crest value of the voltage from 
15 being instantaneously projected, and, when an ex- 
tremely high voltage resulting from static electricity is 
applied, it enables to absorb the extremely high voltage. 
[0225] The electronic device protection circuit 360 us- 
ing the varistor 223 instead of the zener diode 201 may 
20 be used in not only the lithium-ion secondary battery 
containing the secondary battery protection IC 400 as 
shown in Fig. 42 but also, for example, the lithium-ion 
secondary battery containing the communications IC 
600 to protect the communications IC 600 from overvolt- 
25 age and overcurrent. Alternatively, for example, the 
electronic device protection circuit 360 may be used in 
the lithium-ion secondary battery containing the second- 
ary battery protection IC 400 and the communications 
IC 600 as shown in Fig. 44 to protect the communica- 
30 tions IC 600 from overvoltage and overcurrent. 

[0226] Alternatively, for example, like an electronic 
device protection circuit 370 shown in Fig. 45, the varis- 
tor 223 may be used instead of the zener diode 201 , and 
the circuit may be formed of the capacitor 221 connect- 
35 ed in parallel to the varistor 223. The electronic device 
protection circuit 370 can protect the secondary battery 
protection IC 400 from overvoltage and overcurrent, and 
can more reliably prevent the crest value of voltage from 
being instantaneously projected, and when an extreme- 
40 |y high voltage resulting form static electricity is applied, 
can more reliably absorb the extremely high voltage. 
[0227] Alternatively, for example, as shown in Fig. 46, 
an electronic device protection circuit 370 having the po- 
sistor 203, capacitor 221 and the varistor 223 can be 
45 provided for the lithium-ion secondary battery contain- 
ing the communications IC 600 to protect the communi- 
cations IC 600 from applying overvoltage and overcur- 
rent. 

[0228] Alternatively, for example, as shown in Fig. 47, 
50 an electronic device protection circuit 370 containing the 
posistor203, thecapacitor221 and the varistor 223 may 
be provided for the lithium-ion secondary battery con- 
taining the secondary battery protection IC 400 and the 
communications IC 600 to protect the communications 
55 |C 600 from overvoltage and overcurrent. 

[0229] Fig. 48 shows an example of the substantial 
configuration in which the posistor and the varistor are 
connected. 



24 



47 



EP 1 189 325 A2 



48 



[0230] In this configuration, the posistor 203 and the 
varistor 223 are stacked with an intermediate electrode 
275 with good thermal conductivity placed therebe- 
tween, and the top surface of the posistor 203 is joined 
with an electrode 277, and the undersurface of the varis- 
tor 223 is joined with an electrode 279. The intermediate 
electrode 275 is connected to the positive terminal 401 . 
of the secondary battery protection IC 400 through wir- 
ing, etc. which are not shown in the drawing. In the con- 
figuration, the heat generated in the varistor 223 can be 
efficiently conducted to the posistor 203. Further, the 
configuration is extremely compact and simple. 
[0231 ] Fig. 49 shows another example of the substan- 
tial configuration in which the posistor and the varistor 
are connected. 

[0232] A terminal 281 of the posistor 203 and a termi- 
nal 283 of the varistor 223 are joined with a low-melting- 
point metal 295. Theterminals 281 and 283 and the low- 
melting-point metal 295 are preferably made of metal 
with high electrical and thermal conductivity. The other 
terminal 285 of the posistor 203 is connected to the cath- 
ode of the secondary battery/cell 205 and so on via wir- 
ing, etc. which is not shown. The other terminal 287 of 
the varistor 223 is connected to the anode of the sec- 
ondary battery/cell 205 and so on via wiring, etc. which 
is not shown. As the materials of the terminals 281 , 283, 
285 and 287, for example, nickel-, iron- or copper-based 
alloy can be used. In the configuration, the heat gener- 
ated in the varistor 223 can be efficiently conducted to 
the posistor 203/ The posistor 203 and the varistor 223 
can be mounted in one piece. Further, this configuration 
is the simplest and most compact. It is not shown in Fig. 
49 but obvious that at the junction part of the terminal 
281 of the posistor 203 and the terminal 283 of the varis- 
tor 223, wiring connected to the terminals of the second- 
ary battery protection IC 400, etc. which is not shown in 
Fig. 49 is joined. 

[0233] Fig. 50 shows still another example of the sub- 
stantial configuration in which the posistor and the varis- 
tor are connected. 

[0234] In the configuration, the posistor 203 and the 
varistor 223 are stacked with an insulation plate 289 
placed therebetween, and the posistor 203 and the 
varistor 223 are connected by using a metal plate 291 . 
The terminal 281 of the posistor 203 on the right side in 
the drawing and the terminal 283 of the varistor 223 on 
the right in the drawing are joined with the metal plate 
291 via a low-melting-point metal 293. The metal plate 
291 makes the posistor 203 and the varistor 223 elec- 
trically connected in series, and provides good thermal 
conductivity in between. The insulation plate 289 is 
placed between the posistor 203 and the varistor 223 in 
order to provide electrical insulation in between. In such 
configuration, heat generated in the varistor 223 can be 
efficiently conducted to the posistor 203. The posistor 
203 and the varistor 223 are mounted in one piece to 
have a simple and compact configuration. 
[0235] Fig. 51 shows an example of the result of an 



experiment that a voltage of 25 V is applied to the elec- 
tronic device protection circuit of the twelfth embodiment 
as shown in Fig. 44. 

[0236] In this experiment, the electronic device pro- 
5 tection circuit as shown in Fig. 49 was used. The posis- 
tor 203 had the initial resistance of 220 Q at 25°C and 
the detection temperature of 120°C. The varistor 223 
had the breakdown voltage of 1 8 V, the maximum power 
rating of 100 mW and the maximum allowable temper- 
10 ature of 1 50°C. The ambient temperature during the ex- 
periment was approximately 25 °C. A DC power source 
had the output voltage of 25 V and the maximum current 
of 1 A. 

[0237] When the DC power source was connected, 

is the voltage between the terminals of the posistor 203 
reached approximately 4 V and the voltage between the 
terminals of the varistor 223 steeply increased to ap- 
proximately 21 V. However, at that time, no projected 
crest value of voltage in the varistor 223 occurred. As a 

20 voltage greater than the breakdown voltage was applied 
to the varistor 223, a current between 1 9 mA and 20 mA 
flew through the varistor 223 and the posistor 203, then 
the varistor 223 generated heat with a power of approx- 
imately 420 mW and the posistor 203 generated heat 

25 with a power of approximately 80 mW. When the tem- 
perature of the posistor 203 rose to higher than 120°C 
due to the heat generation, the electrical resistance of 
the posistor 203 steeply increased to approximately 540 
fi, which consequently caused a gentle decrease in cur- 

30 rent to approximately 11 mA. At that time, the voltage 
between the terminals of the posistor 203 rose to 7 V, 
while the voltage between the terminals of the varistor 
223 dropped to approximately 18 V. 
[0238] Thus, approximately 1 0 seconds after the DC 

35 power source was connected, the voltage between the 
terminals of the varistor 223 dropped and was held at 
approximately 1 8 V, and the current flow through the po- 
sistor 203 and the varistor 223 was reduced and held at 
approximately 11 mA. Thereby, overvoltage could be 

40 prevented from being applied to the electronic devices 
such as communications IC 600 and the secondary bat- 
tery protection IC 400 connected in parallel to the varis- 
tor 223, and the posistor 203 and varistor 223 contained 
in the electronic device protection circuit 360 could be 

45 protected from being overheated or damaged. Moreo- 
ver, the electronic devices such as communications IC 
600 could be protected from being damaged or degrad- 
ed resulting from a projected crest value of the voltage 
at the instant when the overvoltage was applied, or the 

50 application of an extremely high voltage due to static 
electricity. 

[0239] In each of the above embodiments, it has been 
described in the case of using the electronic device pro- 
tection circuit of the second invention for the lithiunvion 
55 secondary battery containing the secondary battery pro- 
tection IC and/or the communications IC, though the 
electronic device protection circuit of the second inven- 
tion is also applicable for not only such lithium-ion sec- 
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ondary battery but also, for example, a cellular phone 
apparatus containing a communications IC with a radio 
telephone function and a secondary battery/cell supply- 
ing a power thereto. In such case, for example, by ap- 
plying the circuit configuration as shown in Fig. 36, the 
communications IC in the cellular phone apparatus can 
be protected from applying overvoltage and overcur- 
rent. 

[0240] Further, in the case of a circuit configuration 
that a power source voltage is externally applied to the 
communications IC with no secondary battery/cell, the 
electronic device protection circuit according to the sec- 
ond invention can be suitably used for protecting the 
communications IC from applying overvoltage and over- 
current. 

[First Invention] 

[0241 ] As described above, according to the electron- 
ic device protection circuit of one aspect of the invention, 
when an overvoltage greater than the rated voltage is 
applied to the voltage input terminals of the electronic 
device, a current in response to the overvoltage flows 
through the zener diode, which thereby generates heat 
so as to accelerate the fusion of the thermal fuse. There- 
fore, when the overvoltage is applied, the fusion of the 
thermal fuse can be reliably carried out. At this time, by 
bypassing the current resulting from the application of 
the overvoltage to the zener diode and the posistor, the 
current flow through the electronic device is reduced, so 
without the fusion of the thermal fuse, the overcurrent 
resulting from the application of the overvoltage can be 
prevented from flowing through the electronic device. 
Further, when the overcurrent continuously flows, re- 
sulting in an increase in the electrical resistance of the 
posistor, the increased electrical resistance reduces the 
current flow through the zener diode and the posistor to 
less than their rated currents, so that the zener diode 
and the posistor can be prevented from being overheat- 
ed, destroyed or damaged resulting from the application 
of the overvoltage. 

[0242] According to the electronic device protection 
circuit of another aspect of the invention, by placing the 
posistor and the thermal fuse in close proximity to each 
other, when an overvoltage greater than the rated volt- 
age is applied to the voltage input terminals of the elec- 
tronic device, the zener diode is broughtinto conduction, 
so that an overcurrent in response to the overvoltage 
flows therethrough and the posistor and the zener diode 
g enera te heat. The heat generated in the posistor main- 
ly accelerates the fusion of the thermal fuse, so that 
when the overvoltage is applied, the fusion of the ther- 
mal fuse can be more reliably carried out. At this time, 
by bypassing the current resulting from the application 
of the overvoltage to the zener diode and the posistor, 
the current flow through the electronic device is re- 
duced, so that without the fusion of the thermal fuse , the 
overcurrent resulting from the application of the over- 



voltage can be prevented from flowing through the elec- 
tronic device. Further, when the overcurrent continuous- 
ly flows, the electrical resistance of the posistor steeply 
increases due to the heat generated therein, and the in- 

5 creased electrical resistance reduces the current flow 
through the zener diode and the posistor to less than 
their rated currents, so that the zener diode and the po- 
sistor can be prevented from being overheated, de- 
stroyed or damaged resulting from the application of the 

10 overvoltage more rapidly and reliably. 

[0243] According to the electronic device protection 
circuit of still another aspect of the invention, the ther- 
mostat is provided instead of the thermal fuse so that 
when the application of the overvoltage stops and the 

15 temperature of the thermostat drops, the thermostat can 
return to the normal state. Therefore, when the overvolt- 
age is no longer applied but a proper voltage is applied, 
without the need to replace a part like the thermal fuse, 
the thermostat can be repeatedly used. 

20 [0244] According to the electronic device protection 
circuit of a further aspect of the invention, a thermal fuse 
of which the fusion temperature is higher than that of the 
above thermal fuse is also provided between the zener 
diode and the posistor, and after the fusion of the above 

25 thermal fuse, the fusion of the thermal fuse of which the 
fusion temperature is higher is carried out to interrupt 
the current flow through the zener diode and the posis- 
tor, so that the zener diode, the posistor and the battery/ 
cell can be more reliably prevented from being overheat- 

30 ed, destroyed or damaged resulting from the application 
of the overvoltage. 

[0245] According to the electronic device protection 
circuit of a still further aspect of the invention, a thermo- 
stat of which the interrupting temperature is higherthan 

35 that of the above thermostat is also provided between 
the zener diode and the posistor, so that the zener diode 
and the posistor can be more reliably prevented from 
being overheated, destroyed or damaged resultingfrom 
the application of the overvoltage, and when returning 

40 from the state that the overvoltage is applied to the state 
that a proper voltage is applied, without the need to re- 
place a part like the thermal fuse, by automatically bring 
the thermostat between the zener diode and the posistor 
back into conduction, the thermostat can be repeatedly 

45 used. 

[Second Invention] 

[0246] As described above, according to the electron- 
50 ic device protection circuit of a still aspect of the inven- 
tion, when an overvoltage greater than the rated voltage 
of the electronic device is applied thereto, most of a 
large current resulting from the application of the over- 
voltage flows through the zener diode so that the current 
55 is inhibited from flowing through the electronic device, 
and the voltage between the terminals of the electronic 
device connected in parallel to the zener diode is locked 
on to the value of the breakdown voltage of the zener 
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diode to maintain almost constant; so the electronic de- 
vice can be protected from being damaged or degraded 
resulting from the application of the overvoltage. In ad- 
dition, by connecting the posistor in series to the zener 
diode, the electrical resistance of the posistor increases 
due to a further increase in current or a rise in temper- 
ature to reduce the current to less than the maximum 
allowable current of the zener diode. Therefore, even if 
the overvoltage is continuously applied, or the overvolt- 
age wh ich causes a large current greater than maximum 
allowable current of the zener diode flow therethrough 
is applied, the zener diode can be reliably prevented 
from being overheated or damaged. 
[0247] More specifically, according to the electronic 
device protection circuit of a still aspect of the invention, 
the zener diode and the posistor are arranged to be able 
to conduct heat each other, so that when an overvoltage 
greater than the rated voltage is applied to the electronic 
device, the zener diode generates heal to accelerate an 
increase in the electrical resistance of the posistor. 
Therefore, the zener diode can be more reliably prevent- 
ed being overheated or damaged resulting from the 
overcurrent flow therethrough. 

[0248] According to the electronic device protection 
circuit of a still aspect of the invention, a capacitor is 
connected in parallel to the electronic device so that the 
capacitor absorbs a change in voltage when an over- 
voltage greater than the rated voltage is instantaneously 
applied. Even at the moment before the voltage be- 
tween the terminals of the zener diode reaches the 
breakdown voltage, for example, just after the overvolt- 
age is applied, or when an instantaneous overvoltage 
due to electrostatic electricity is applied, the overvoltage 
can be more reliably prevented from being applied to 
the electronic device. 

[0249] According to the electronic device protection 
circuit of a still aspect of the invention, a varistor device 
having characteristics that applying a voltage greater 
than a predetermined voltage, which is set to greater 
than the rated voltage of a electronic device, results in 
an increase in current, is provided instead of the zener 
diode in order to be capable of responding to the appli- 
cation of the overvoltage faster than the zener diode. 
For example, just after starting the application of the ov- 
ervoltage, or when a high voltage resulting from static 
electricity is instantaneously applied, overvoltage can 
be more reliably prevented from being applied to the 
electronic device. 

[0250] Obviously may modifications and variations of 
the present invention are possible in the light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims the invention 
may be practiced otherwise than as specifically de- 
scribed. 



Claims 

1 . An electronic device protection circuit for inhibiting 
a voltage exceeding the rated voltage of an elec- 

5 tronic device from being applied thereto, compris- 

ing: 

a device having characteristics of.making an in- 
crease in current when a voltage set to greater 

10 than the rated voltage is applied thereto; 

a device having characteristics of inhibiting a 
current by an increase in its electrical resist- 
ance in response to at least either of an in- 
crease in current or a rise in temperature; and 

15 a configuration in which the devices connected 

in series being connected in parallel to a battery 
on the protection circuit. 

2. An electronic device protection circuit for inhibiting 
20 a voltage greater than the rated voltage of an elec- 
tronic device from being applied to positive and neg- 
ative voltage input terminals thereof, comprising: 

a posistor having characteristics of making an 
25 increase in its electrical resistance in response 

to an increase in current, of which an end is con- 
nected to either of the voltage input terminals 
of the electronic device; 

a thermal fuse having characteristics that the 
30 flow of a current therethrough by applying the 

voltage exceeding the rated voltage causes a 
rise in temperature, resulting in the fusion of 
said thermal fuse, of which an end is connected 
to the other voltage input terminal of the elec- 
35 tronic device; 

a zener diode having characteristics that apply- 
ing a voltage exceeding its breakdown voltage 
which is set to greater than the rated voltage of 
said thermal fuse results in an increase in cur- 
40 rent, which is connected to the other end of said 

posistor and the other end of said thermal fuse; 
and 

a configuration in which as said thermal fuse 
and said zener diode are provided to be able to 

45 conduct heat each other, applying an overvolt- 

age greater than the rated voltage to the volt- 
age input terminals of the electronic device 
make a current resulting from the overvoltage 
flow through said zener diode, so that said zen- 

50 er diode generates heat, which thereby accel- 

erates the fusion of said thermal fuse, and the 
current resulting from the overvoltage is by- 
passed to said zener diode and said posistor to 
reduce the current flow through the electronic 

55 device, and further, when the electrical resist- 

ance of said posistor increases, the increased 
electrical resistance reduces the current flow 
through said zener diode and said posistor to 
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equal to or less than their rated currents. 

An electronic device protection circuit according to 
claim 2, wherein said thermal fuse, said posistor 
and said zener diode are provided to be able to con- s 
duct heat one another, the Curie point, which is a 
temperature that the electrical resistance of the po- 
sistor nonlinearly and steeply increases, is set to 
higher than the fusion temperature of the thermal 
fuse, and when an overvoltage exceeding the rated 10 
voltage is applied to the voltage input terminals of 
the electronic device, the posistor and the zener di- 
ode generate heat, which thereby accelerates the 
fusion of the thermal fuse. 

15 

An electronic device protection circuit according to 
claim 2 or 3, wherein the length of a conductor which 
electrically connects said thermal fuse and said 
zener diode is shorter than that of a conductor which 
electrically connects said thermal fuse and the bat- 20 
tery. resulting in that a distance required for thermal 
conduction between the thermal fuse and the zener 
diode is shorter than that required for thermal con- 
duction between the thermal fuse and the battery. 

25 

An electronic device protection circuit according to 
claim 2, 3 or 4 wherein said zener diode and said 
thermal fuse are arranged to be able to conduct 
heat through a thermal conduction component. 

30 

An electronic device protection circuit for inhibiting 
a voltage greater than the rated voltage of an elec- 
tronic device from being applied to positive and neg- 
ative voltage input terminals thereof, comprising: 

35 

a zener diode having characteristics that apply- 
ing a voltage exceeding its breakdown voltage 
which is set to greater than the rated voltage 
results in an increase in current, of which an 
end is connected to either of the voltage input 40 
terminals of the electronic device; 
a thermal fuse having characteristics that the 
flow of a current therethrough by applying the 
voltage exceeding the rated voltage causes a 
rise in temperature, resulting in the fusion 45 
thereof, of which an end is connected to the oth- 
er voltage input terminal of the electronic de- 
vice; 

a posistor having characteristics of making an 
increase in its electrical resistance in response so 
to an increase in current, of which the Curie 
point, which is a temperature that the electrical 
resistance of said posistor nonlinearly and 
steeply increases, is set to higher than the fu- 
sion temperature of said thermal fuse, and 55 
which is connected to the other end of said zen- 
er diode and the other end of said thermal fuse; 
and 



a configuration in which as the thermal fuse, the 
posistor and the zener diode are provided to be 
able to conduct heat one another, applying an 
overvoltage greater than the rated voltage to 
the voltage input terminals of the electronic de- 
vice makes a current resulting from the over- 
voltage flow through, so that said zener diode 
and said posistor generate heat, which thereby 
accelerates the fusion of said thermal fuse, and 
the current resulting from the overvoltage is by- 
passed to said zener diode and said posistor to 
reduce the current flow through the electronic 
device, and further, when the electrical resist- 
ance of the posistor increases, the increased 
electrical resistance reduces the current flow 
through said zener diode and said posistor to 
equal to or less than their rated currents. 

7. An electronic device protection circuit according lo 
claim 6, wherein the length of a conductor which 
electrically connects said thermal fuse and said po- 
sistor is shorterthan that of a conductor which elec- 
trically connects said thermal fuse and the battery, 
and a distance required for thermal conduction be- 
tween the thermal fuse and the posistor is shorter 
than that required for thermal conduction between 
the thermal fuse and the battery. 

8. An electronic device protection circuit according to 
claim 6 or 7, wherein said posistor and said thermal 
fuse are arranged to be able to conduct heat 
through a thermal conduction component. 

9. An electronic device protection circuit according to 
any one of claims 2 to 8, further comprising a ther- 
mal fuse, of which the fusion temperature is higher 
than that of the thermal fuse, which is provided be- 
tween said zener diode and said posistor. 

10. An electronic device protection circuit according to 
claim 9, wherein the thermal fuse of which the fusion 
temperature is higher, said zener diode and said po- 
sistor are provided to be able to conduct heat one 
another. 

11. An electronic device protection circuit according to 
any one of claims 2 to 10, wherein the electronic 
device is a lithium-ion secondary battery. 

12. An electronic device protection circuit according to 
any one of claims 2 to 11, wherein a thermostat, 
which interrupts current when the temperature 
thereof rises to higher than a predetermined tem- 
perature by applying a voltage greater than the rat- 
ed voltage to the positive and negative voltage input 
terminals of the electronic device, is provided in- 
stead of said thermal fuse. 
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13. An electronic device protection circuit according to 
claim 12, further comprising a thermostat, of which 
the interrupting temperature is higher than that of 
the thermostat, which is provided between the zen- 
er diode and the posistor. 

14. An electronic device protection circuit according to 
claim 13. wherein said thermostat of which the in- 
terrupting temperature is higher, said zener diode 
and said posistor are provided to be able to conduct 
heat one another. 

15. An electronic device protection circuit for inhibiting 
a voltage exceeding the rated voltage of an elec- 
tronic device from being applied thereto, compris- 
ing: 

a zener diode having characteristics that apply- 
ing a voltage greater than its breakdown volt- 
age which is set to greater than the rated volt- 
age results in an increase in current, which is 
connected in parallel to the electronic device; 
and 

a posistor having characteristics of inhibiting a 
current by an increase in its electrical resist- 
ance in response to at least either of an in- 
crease in current or a rise in temperature, which 
is connected in series to said zener diode. 



20. 



10 



age greater than a predetermined voltage which is 
set to greater than the rated voltage results in an 
increase in current, is provided instead of said zener 
diode. 

An electronic device protection circuit according to 
any one of claims 1 5 to 1 9, further comprising a sec- 
ondary battery/cell which is connected in parallel to 
a circuit formed of said posistor and said zener di- 
ode connected in series. 



21. An electronic device protection circuit according to 
claim 20, wherein the electronic device is a semi- 
conductor integrated circuit having functions for 

*5 monitoring overcharging of the secondary battery/ 
cell. 

22. An electronic device protection circuit according to 
any one of claims 15 to 21, wherein the electronic 

20 device is a semiconductor integrated circuit having 
communications capabilities. 



16. An electronic device protection circuit according to 
claim 15 ? wherein said posistor has characteristics 
that its electrical resistance increases in response 
to a rise in temperature, and said zener diode has 
characteristics that applying a voltage greater than 
its breakdown voltage results in an increase in cur- 
rent, so that said zener diode generates heat, and 
said zener diode and said posistor are provided to 
be able to conduct heat each other, and when an 
oyervoltage greater than the rated voltage is ap- 
plied to the electronic device, said zener diode gen- 
erates heat, which thereby accelerates an increase 
in the electrical resistance of said posistor. 
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40 



17. An electronic device protection circuit according to 
claim 15 or 16, further comprising a capacitor con- *s 
nected in parallel to the electronic device, which, 
when a voltage exceeding the rated voltage is in- 
stantaneously applied, accommodates a change in 

the voltage. 

so 

18. An electronic device protection circuit according to 
claim 15, 16 or 17, wherein said zener diode and 
said posistor are arranged to be able to conduct 
heat through a thermal conduction component. 

55 

19. An electronic device protection circuit according to 
any one of claims 15 to 18, wherein a varistor de- 
vice, which has characteristics that applying a volt- 
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